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ANTIMICROBIAL QUINOLONES, THEIR COMPOSITIONS AND USES 

PBSLD OF THE INVENTION 
The subject invention relates to novel antiniicrobial compounds, their compositions and 
their uses. 

BACKGROUND 

The chemical and medical literature describes con5>ounds that are said to be antimicrobial, 
i.e., capable of destroying or suppressing the growtii or reproduction of microorganisms, such as 
bacteria. For exanople. such antibacteiials and other antimicrobials are described in Antibiotics, 
r^^7n<;ither apeutics. and Antibacterial Agents for Disease Control (M. Grayson, editor, 1982), and 
B. Gale et al., The Molecular Basis of Antibiotic Action 2d edition (1981). 

The mechanism of action of these antibacterials vary. However, they are generally 
believed to function in one or more of the following ways: by inhibiting cell wall synfliesis or 
repair; by altering cell wall permeability; by inhibiting protein syndiesis; or by inhibiting synthesis 
of nucleic acids. For example, beta-lactam antibacterials act through inhibiting tiie essential 
penicillin binding proteins (PBPs) in bacteria, which are responsible for cell wall synthesis. As 
another example, quinolones act, at least in part, by inhibiting synthesis of DNA, tiius preventing 
the cell from replicating. 

The pharmacological characteristics of antimicrobials, and their suitability for any given 
clinical use, vary. For example, the classes of antimicrobials (and members within a class) may 
vary in 1) their relative efficacy against different types of microorganisms, 2) their susceptibility 
to development of microbial resistance and 3) their pharmacological characteristics, such as their 
bioavailability, and biodistribution. Accordingly, selection of an appropriate antibacterial (or 
other antimicrobial) in a given clinical situation requires analysis of many factors, including the 
type of organism mvolved, the desired method of administration, the location of the infection to be 
treated and other considerations. 

However, many such attempts to produce improved antindcrobials yield equivocal results: 
Indeed, few antimicrobials are produced that are truly clinically-acceptable in terms of their 
spectrum of antimicrobial activity, avoidance of microbial resistance, and pharmacology. Thus 
there is a continuing need for broad spectrum antimicrobials, which are effective against resistant 
microbes. 

Some 1,4-dihydToquinolone, naphthyridine or related heterocyclic moieties are known in 
the art to have antindcrobial activity and are described in the following references: R. Albrecht, 
Pro p. Dmp Research. Vol. 21, p. 9 (1977); J. Wolfson et aL, "The Huoroqumolones: Structures, 
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Mechanisms of Action and Resistance, and Spectra of Activity In Vitro", Antimicrob. Agents and 
Chemother.. Vol. 28. p. 581 (1985); G. Klopman et al., ATiHrnicrnh. Apents and Chemother.. Vol. 
31, p. 1831 (1987); M. P. Wentland et al., Ann. Rep. Med. Chem.. Vol. 20, p. 145 (1986); J. B. 
Comett et al., Ann, Re p. Med. Chem.. Vol. 21, p. 139 (1986); P. B. Femandes et al., Ann. |tep. 
Med. Chem» Vol. 22, p. 117 (1987); A. Koga, et al., "Structure-Activity Relationships of 
Antibacterial 6,7- and 7,8-Disubstituted l-alkyl-1.4-dihydro-4-oxoquinoline-3-carboxylic Acids", 
J. Med. Chem., Vol. 23, pp. 1358-1363 (1980); J.M. Domagala et al., J. Med. Chenu. Vol. 31, p. 
991 (1988); T. Rosen et al., J. Med, Chem.. Vol. 31, p. 1586 (1988); T. Rosen et al, J. Med. 
Chem. . Vol. 31. p. 1598 (1988); W. Ledoussal et al., "Non 6-Fluoro Substituted Quinolone 
Antibacterials: Structure and Activity", J. Med Chem. . Vol. 35, p. 198-200 (1992); J. M, 
Domagala et al., "Quinolone Antibacterials Containing the New 7-[3-(l-Aminoethyl)-l- 
pyrrolidinyl] Side Chain: The Effects of the 1-Aminoethyl Moiety and Its Stereochemical 
Configurations on Potency and in Vivo Efficacy", J. Med. Chem. . Vol. 36. pp. 871-882 (1993); 
Hagen et al, "Synthesis and Antibacterial Activity of New Quinolones Containing a 7-[3-(l- 
Ammo-l-metiiylethyO-l-pynolidinyl] Moiety. Gram Positive Agents witii ExceUent Oral 
Activity and Low Side-Effect Potential", J. Med. Chem. Vol. 37, pp. 733-738 (1994); V. Cecchetti 
et al, "Studies on 6-Aminoqumolmes: Syntiiesis and Antibacterial Evaluation of 6-Amino-8- 
metiiylquinolones". J. Med Chem. . Vol. 39, pp. 436-445 (1996); V. Cecchetti et al., "Potent 6- 
Desfluoro-8-methylquinolones as New Lead Compounds in Antibacterial Chemotherapy", J. Med. 
Chem. . Vol. 39, pp. 4952-4957 (1996); Hong et al., "Novel 5-Amino-6-metiiylquinolone 
Antibacterials: a New Class of Non-6-fluoroquinolones", Bioorg. of Med. Chem. Let.. Vol. 7, pp. 
1875-1878 (1997); U.S. Pat. No. 4,844,902 to Grohe on July 4, 1989; U.S. Pat. No. 5,072,001 to 
Hagen & Suto on Dec. 10, 1991; U. S. Pat. No. 5,328,908 to Demuth & White on July 12, 1994; 
U. S. Pat No. 5.457,104 to Bartel et al. on Oct. 10, 1995; U.S. Pat. No. 5,556,979 to Philipps et al. 
on Sept 17, 1996; European Patent Appl. 572,259 of Ube Ind. pub. Dec. 1, 1993; European Patent 
AppL 775,702 of Toyama Chem. Co. pub. May 28, 1997; Japanese Patent Pub. 62/255,482 of 
Kyorin Pharm. Co. pub. Mar. 1, 1995. 

Examples of bacterial infections resistant to antibiotic therapy have been reported in the 
past; they are now a significant threat to public healtii m the developed world. The development 
of microbial resistance (perhaps as a result of the intense use of antibacterials over extended 
periods of tune) is of increasing concern in medical science. "Resistance" can be defined as 
existence of organisms, within a population of a given microbial species, that are less susceptible 
to the action of a givaa antimicrobial agent This resistance is of particular concern in 
environments such as hospitals and nursing homes, where relatively high rates of infection and 
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intense use of antibacterials are common. See, e.g.. W. Sanders, Jr. et al., "Inducible Beta- 
lactamases: Clinical and Epidemiologic Implications for Use of Newer Cephalosporins", Reviews 
oflnfectiQus Diseases, p. 830 (1988). 

Pathogenic bacteria are known to acquire resistance via several distinct mechanisms 
including mactivation of the antibiotic by bacterial enzymes (e.g., b-lactamases hydrolyzing 
penicillin and cephalosporins); removal of the antibiotic using efflux pun^s; modification of the 
target of the antibiotic via mutation and genetic recombination (e.g., penicillin-resistance in 
Neiserria gonorrhoeae)', and acquisition of a readily transferable gene from an external source to 
create a resistant target (e.g., methicillin-resistance in Staphylococcus aureus). There are certain 
Gram positive patiiogens, such as vancomycin-resistant Enterococcus faecium, which are resistant 
to virtually all coromercially available antibiotics. Hence existing antibacterials have limited 
capacity in overcoming the threat of resistance. 

In addition to overcoming resistance, many commercially available quinolone antibiotics 
exhibit undesirable side effects. For example, gatifloxacin ((±)-l-cycIopropyl-6-fluoro-l,4- 
dihydro-8-niedioxy-7-(3-metiiyl-l-piperazinyl)-4-oxo-3-quinoline carboxylic acid) is reported to 
exhibit clastogenicity, Jounal of An timicrobial Chemotherapy , Vol. 33, pp. 685-706 (1994). 
Hence existing antibacterials have demonstrated undesirable side effects such as clastogenicity 

Thus it would be advantageous to provide antimicrobials with useful properties, including a 
favorable clastogenecity profile, which can be used agamst resistant microbes. 

SUMMARY OF THE INVENTION 
Applicants have found a novel series of quinolones and related compounds tiiat are 
effective against resistant microbes, and provide significant activity advantages over tiie art 
including a favorable clastogenecity profile. In particular, the invention relates to compounds 
having a structure according to Formula (I) 
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wherein: 

(A) (1) is selected from -N- and -C(R^)-, where R® is selected from hydrogen, halo, Ci to 
about Cg alkyl, C2 to about Cg alkene or alkyne and Ci to about Cg alkoxy, all such 
alkyl, alkene, alkyne and alkoxy moieties being unsubstituted or substituted with 
from 1 to about 3 fluoro; 

(2) a, b and c are each independently a single or double bond; 

(3) (a) X is either from -C- or -N-; where (i) if X is -C-, a is a double bond and & is a 

single bond, and (ii) if X is -N-, a is a single bond and i is a double bond; 

(b) Y is selected from -N(R^)- and -CR'^R^s wherein R** is selected from hydrogen 
and nil, wherein R** is hydrogen when b is smgle bond and R° is nil when is a 
double bond; 

(c) Z is selected from -C(C0RV , -N(R^)- and -N(NHR^)s where (i) if Z is - 
C(CX)R V, cis^ double bond, and (ii) if Z is either .N(RV and -N(NHR^)-, c is 
a single bond; 

(d) provided that Y is -N(R^)- only if X is -C-; 

(e) provided that Y is -C(R^)- only if X is -N- and Z is -C(COR^)-; 

(f) provided that Z is either -N(OH)- or -N(NHR^)- only if X is -C-, Y is -N(R')- and 

aMs-C(rV; 

(4) R^ is selected from C3 to about Cg cycloalkyl, C3 to about Cg heterocycloallgrl, Ci 
to about Cg alkyl, C2 to about Cg alkene or allqnie, Ci to about Cg alkyloxy, 6- 
membered aryl and 6-membered heteroaryl, all such alkyl, alkene, alkyne, alkoxy, 
cycloall^l, aryl and hetaroaryl being unsubstituted or substituted with from 1 to 3 
fluoro, all such aryl and heteroaryl also being unsubstituted or substituted with one 
hydroxy in the 4-positiQn; 
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(5) is selected ftom hydrogen, double bond oxygen, Ci to about Cg alkyl, C2 to 
about Cg alkene or alkyne, Ci to about Cg alkoxy and Ci to about Cg thioalkyl; 
provided that is double bond oxygen only if Z is either -N(OH)- or -N(NHR^> ; 

(6) R^ is selected from hydrogen, hydroxy, to about Cg alkyl, C2 to about Cg alkene 
or alkyne, to about Cg alkoxy and to about Cg thioalkyl; 

(7) R^ is selected from hydrogen, hydroxy, amino, halo, Ci to about Cg alkyl, C2 to 
about C4 alkene or alkyne and Ci to about C4 alkoxy, all such alkyl, alkene, alkyne 
and alkoxy moieties being unsubstituted or substituted with from 1 to 3 fluoro; 

(8) R^ is selected from hydroxy, aminocarbonyl, fluoro. chloro, bromo, cyano, Cj to 
about C2 alkyl and C2 to about C4 alkenyl or alkynyl, all such alkyl, alkenyl and 
alkynyl moieties being unsubstituted or substituted with from 1 to about 3 fluoro; 

(9) R^ and R^ are each mdependently selected from: 

(a) hydrogen. Ci to about Cg alkyl, C2 to about Cg alkene or alkyne, Cj to about 
Cg alkoxy, Ci to about Cg alkylthio and Ci to about Cg heteroalkyl; provided 
R' and R^' are not both hydrogen; 

(b) or R^ and R^' join to form a C3 to about Cg cyclpalkyl or heterocyclic ring 
containing the carbon atom to which they are bonded; 

(c) all such alkyl, alkene, allqrne. alkoxy, alkythio. heteroalkyl, cycloalkyl and 
heterocyclic moieties being unsubstituted or substituted with from 1 to 3 fluoro; 

(10) R^ and R^ are each independently selected from hydrogen and Cj to about C3 alkyl, 
or R^ and Rejoin to form a C3 to about Cg heterocyclic ring containing the nitrogen 

atom to which they are bonded; and 

(11) R^^ represents the moieties on the piperidine ring odier than R^, R^ and -NR^', 
where each R^° is independently selected from hydrogen, Cj to about Cg alkyl, C2 to 
about Cg alkene or alkyne, Ci to about Cg alkoxy and C3-Cg cycloalkyl all such 
alkyl, alkene, alkyne, alkoxy and cycloalkyl moieties being unsubstituted or 
substituted with from 1 to 3 fluoro; or 

(B) if A* is -C(R^)-, X is -C- and Y is -NCR^)-, then R^ and R* can join to form a 6-membered 
heterocycUc ring, where R^ R^ R^ R^ R\ bJ\ R^ R^ and R'° are as described in (A); or 
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(C) if A' is -C(R**K X is -C-, Y is -N(R^)-. and Z is -C(COR^) then and can join to 
form a monocyclic or bicyclic heterocyclic ring, where R\ R^, R^ R^, R^ Jl*, R', R and 
R^^ are as described in (A); or 

(D) if A^ is -C(R^)-, X is -C-, Y is -N(R^)- and Z is -C(COR^), then R^ and R^ can jom to fonn 
a 5-membered heteiocycloalkyl that is substituted with a carbonyl moiety, where R\ R^ 
R^ R^ R^R®, R^ R'' and R'^ are as described in (A); 

or an optical isomer, diastereomer or enantiomer thereof; a pharmaceutically-acceptable salt, 
hydrate, or biohydrolyzable ester, amide or imide thereof, hi addition, conqwunds incorporating 
the compounds of the invention, or using compounds of the invention as starting materials are also 
conten^lated in this mvention. 

It has been found that the conq)ounds of this invention, and compositions contaming these 
confounds, are effective antimicrobial agents agamst a broad range of pathogenic 
microorganisms with advantages in low susceptibility to naicrobial resistance, reduced toxicity, 
and improved pharmacology. 

It has been also found that the compounds of this invention, and compositions containing 
these compounds, exhibit a favorable clastogenecity profile. 

DESCRIPTION OF THE INVENTION 
L Terms and Definitions : 

The following is a list of definitions for terms used herein: 

"Acyl" is a radical formed by removal of the hydroxy from a carboxylic acid (i.e., R- 
C(=0)-). Preferred acyl groups include (for example) acetyl, formyl, and propionyl. 

"Alkyl" is a saturated hydrocarbon chain having 1 to 15 carbon atoms, preferably 1 to 10, 
more preferably 1 to 4 carbon atoms. "Alkene" is a hydrocarbon cham havmg at least one 
(preferably only one) carbon-carbon double bond and havmg 2 to 15 carbon atoms, preferably 2 
to 10, more preferably 2 to 4 carbon atoms. "Alkyne" is a hydrocarbon chain having at least one 
(preferably only one) carbon-carbon triple bond and havmg 2 to 15 carbon atoms, preferably 2 to 
10, more preferably 2 to 4 carbon atoms. ASkyl, alkene and alkyne chains (referred to collectively 
as "hydrocarbon chains'*) may be straight or branched and may be unsubstituted or substituted. 
Prefened branched alkyl, alkene and all^e chains have one or two branches, preferably one 
branch. Preferred chams are alkyl. Alkyl, alkene and alkyne hydrocarbon chains each may be 
unsubstituted or substituted with fsx)m 1 to 4 substituents; when substituted, prefened chains are 
mono-, di-, or tri-substituted. Alkyl, alkene and alkyne hydrocarbon chains each may be 
substituted widi halo, hydroxy, aryloxy (e.g., phenoxy), heteroaryloxy, acyloxy (e.g„ acetoxy). 
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carboxy. aiyl phenyl), heteroaiyl, cycloalkyl. heteocycloalkyl, spirocycle, amino, amido, 
acylamino, keto, tbioketo, cyano, or any combination thereof. Preferred hydrocarbon groups 
mclude methyl, ethyl, propyl, isopropyl, butyl, vinyl, allyl, butenyl, and exomethylenyl. 

"Alkoxy" is an oxygen radical having a hydrocarbon cham substituent. where the 
hydrocarbon chain is an alkyl or alkenyl (i.e., -0-alkyl or -0-alkenyl). Preferred alkoxy groups 
include (for example) methoxy, ethoxy, propoxy and allyloxy. 

"Alkylthio" is -S-alkyl (e.g. -S-CH3). 

Also, as referred to herein, a "lower" alkoxy, alkylthio, alkyl, alkene or alkyne moiety 
(e.g., "lower alkyl") is a chain comprised of 1 to 6, preferably from 1 to 4, carbon atoms in 
the case of alkyl, alkoxy and alkylthio, and 2 to 6, preferably 2 to 4, carbon atoms in the case of 
alkene and alkyne. 

"Amino" refers to a primary (-NH2), secondary (-NH(alkyl), also refen-ed to herem as 
"alkylamino") or tertiary (-N(alkyl)2.also referred to herein as "dialkylamino"). 

"Aminoalkyl" is an alkyl moiety substituted with an amino, allqrl amino or dialkyl amino 
group (e.g.. "CH2NH2, -CH2CH2NH2.-CH2NHCH3, -CH2N(CH3)2). 

"Aryl" is an aromatic hydrocarbon ring. Aryl rings are monocyclic or fused bicyclic ring 
systems. Monocyclic aryl rings contain 6 carbon atoms in the ring. Monocyclic aryl rings are 
also referred to as phenyl rings. Bicyclic aryl rings contain from 8 to 17 carbon atoms, preferably 
9 to 12 carbon atoms, in the ring. Bicyclic aryl rings include ring systemis wherein one ring is 
aryl and the other ring is aryl, cycloalkyl, or heterocycloakyl Preferred bicyclic aryl rings 
comprise 5-, 6- or 7-membered rings fused to 5-, 6-, or 7-membered rings, Aryl rings may be 
unsubstituted or substituted with from 1 to 4 substituents on the ring. Aryl may be substituted 
with halo, cyano, nitro, hydroxy, carboxy, amino, acylamino, alkyl, heteroalkyl, haloalkyl, 
phenyl, aryloxy, alkoxy, heteroalkyloxy, carbamyl, haloalkyl, methylenedioxy, heteroaryloxy, or 
any combination thereof. Preferred aryl rings include naphthyl, tolyl, xylyl, and phenyl. The 
most preferred aryl ring radical is phenyl. 

"Aryloxy" is an oxygen radical having an aryl substituent (i.e., -0-aryl). Prefeired 
aryloxy groups include (for example) phenoxy, napthyloxy, metiioxyphenoxy, and 
methylenedioxyphenoxy. 

"Carbocyclic ring" enconq)asses both cycloalkyl and aryl moieties, as those terms are 
defined herein. 

"Carbonyl"is-C(=0)-. 

"Cycloalkyl" is a saturated or unsaturated hydrocarbon ring. Cycloalkyl rings are not 
aromatic. Cycloalkyl rings are monocyclic, or are fiised, spiro, or bridged bicyclic ring systems. 
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Monocyclic cycloalkyl rings contain from about 3 to about 9 carbon atoms, preferably from 3 to 7 
carbon atoms, in the ring. Bicyclic cycloalkyi rings contain from 7 to 17 carbon atoms, preferably 
from 7 to 12 carbon atoms, in the ring. Prefened bicyclic cycloalkyi rings comprise 4-, 5-, 6- 
or 7-membered rings fused to 5-, 6-, or 7-membered rings. Cycloalkyi rings may be 
unsubstituted or substituted with from 1 to 4 substituents on the ring. Cycloalkyi may be 
substituted with halo, cyano, allgrl, heteroaUq^l, haloalkyl, phenyl, keto, hydroxy, carboxy, 
amino, acylamino, aryloxy. heteroaryloxy, or any combination thereof. Preferred cycloalkyi 
rings mclude cyclopropyl, cyclopentyl, and cyclohexyl. 

••Halo" or •'halogen" is fluoro, chloro, bromo or iodo. Preferred halo are fluoro, chloro 
and bromo; more preferred typically are chloro and fluoro, especially fluoro, 

••Haloalkyl" is a straight, branched, or cyclic hydrocarbon substituted with one or more 
halo substituents. Preferred are C1-C12 haloalkyls; more preferred are Ci-Cg haloalkyls; still 
more preferred still are C1-C3 haloalkyls. Preferred halo substituents are fluoro and chloro. The 

most prefened haloalkyl is trifluoromethyl. 

••Heteroatom" is a nitrogen, sulfur, or oxygen atom. Groups containing more than one 
heteroatom may contam different het^oatoms. 

••Heteroalkyl" is a saturated or unsaturated chain contamiug carbon and at least one 
heteroatomi, wherem no two heteroatoms are adjacent Heteroalkyl chains contain from 2 to 15 
member atoms (carbon and heteroatoms) m the chain, preferably 2 to 10, more preferably 2 to 5. 
For example, alkoxy (i.e., -0-alkyl or -O-heteroalkyl) radicals are included in heteroalkyl. 
Heteroalkyl chains may be straight or branched. Preferred branched heteroalkyl have one or two 
branches, preferably one branch. Preferred heteroalkyl are saturated. Unsaturated heteroalkyl 
have one or more carbon-carbon double bonds and/or one or more carbon-carbon triple bonds. 
Preferred unsaturated heteroalkyls have one or two double bonds or one triple bond, more 
preferably one double bond. Heteroalkyl chains may be unsubstituted or substituted with from 1 
to 4 substituents. Preferred substituted heteroalkyl are mono-, di-, or tri-substituted. Heteroalkyl 
may be substituted with lower alkyl, haloalkyl, halo, hydroxy, aryloxy, heteroaryloxy, acyloxy, 
carboxy, monocyclic aryl, heteroaryl, cycloalkyi, heterocycloalkyl, spirocycle, ammo, acylamino, 
amido, keto, thioketo, cyano, or any combination thereof. 

"Heteroaryl" is an aromatic ring containing carbon atoms and from 1 to about 6 
heteroatoms in the ring. Heteroaryl rings are monocyclic or fused bicyclic ring systems. 
Monocyclic heteroaryl rings contain from about 5 to about 9 member atoms (carbon and 
heteroatoms), preferably 5 or 6 member atoms, in the ring. Bicyclic heteroaryl rings contain from 
8 to 17 member atoms, preferably 8 to 12 member atoms, in the ring. Bicyclic heteroaryl rings 
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iDclude ring systems wherein one ring is heteroaryl and tlie other ring is aiyl, heteroaryl, 
cycloalkyl, or heterocycloalkyl. Preferred bicyclic heteroaryl ring systems comprise 5-, 6- 
or 7-membered rings fused to 5-, 6-, or 7-membered rings. Heteroaryl rings may be 
unsubstituted or substituted with from 1 to 4 substituents on the ring. Heteroaryl may be 
substituted with halo, cyano, nitro, hydroxy, carboxy, amino, acylammo, alkyl, heteroalkyl, 
haloalkyl, phenyl, alkoxy, aryloxy, heteroaryloxy, or any comhmation thereof Preferred 
heteroaryl rings include, but are not limited to, the following: 




Furan Thiophene Pyrrole Pyrazole Imidazole Oxazole Isoxazole 

0 {) 

Isothiazole Thiazole 1,2,5-Thladlazole 1 ,2,3-Trlazole 1 ,3,4-Thiadiazole Furazan 

1.2,3-Thiadlazole 1 ,2,4-Thladlazole Benzotriazole 1 ,2,4-Triazole Tetrazole 

<°> A A <r> ■ 

n-n N-N N-N 

1 2 4-Oxadiazole 1 ,3.4-Oxadiazole 1 ,2,3,4-Oxatiiazole 1,2,3,4-Thiatriazole 1 ,2.3,5-Th1atriazole 

o 0 o 

1,2.3.5-Oxatriazole 1.2.3-Trlazlne 1,2,4-Trlazlne 1.2.4,5-Tetrazlne Dibenzofuran 




Pyridine Pyridazlne Pyrimidlne Pyrazlne 1,3,5-Triazine Indollzlne Indole 




Isolndole Benzofuran Benzothlophene 1H-lndazole Purine 
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Benzimidazole Benzlhiazole Benzoxazole Carbazole 2,3-Dihydro-1H-lsoinclole 




Isoqulnoline Cinnoline Phthalazlne Quinazoline Quinoxaline 1,8-Napthypyridii 




Pteridine Acridine Phenazine 1.2-Benzisothlazoline Benzylsultam 

or a!> a!x) CO CO 

Coumarin Indoline Phenoxazine 2H-Chromene 3H-lndole 




Chromone Chroman 4H-3,1-benzoxazine Phenothiazlne Phthalan 



•Heteroaryloxy" is an oxygen radical having a heteroaryl substituent (i.e., -O-heteroaryl). 
Pteferred heteroaryloxy groups include (for txmsple) pyridyloxy, fiiranyloxy, (thiophene)oxy. 
(oxazole)oxy, (thiazole)oxy, (isoxazole)oxy, pyrmidinyloxy, pyrazinyloxy, and 
benzotbiazolyloxy. 

"Heterocycloalkyl" is a saturated or unsaturated ring containing carbon atoms and from 1 
to about 4 (preferably 1 to 3) heteroatoms in the ring. Heterocycloalkyl rings are not aromatic. 
Heterocycloalkyl rings are monocyclic or bicyclic ring systems. Monocyclic heterocycloalkyl 
rings contain from about 3 to about 9 member atoms (carbon and heteroatoms), preferably from 5 
to 7 member atoms, m the ring. Bicyclic heterocycloalkyl rings contain from 7 to 17 member 
atoms, preferably 7 to 12 member atoms, in the ring. Bicyclic heterocycloalkyl rings contain 
from about 7 to about 17 ring atoms, preferably from 7 to 12 ring atoms. Bicyclic 
heterocycloalkyl rings may be fused, spiro. or bridged ring systems. Preferred bicyclic 
heterocycloalkyl rings comprise 5-, 6- or 7-membered rings fused to 5-, 6-, or 7-membered 
rings. Heterocycloallqrl rings may be unsubstituted or substituted with from 1 to 4 substituents on 
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the ring. Heterocycloalkyl may be substituted with halo, cyano, hydroxy, carboxy, keto, thioketo, 
amino, acylammo, acyl, amido, alkyl, heteroalkyl, haloalkyl, phenyl, alkoxy, aryloxy or any 
combination thereof. Preferred substituents on heterocycloalkyl include halo and haloalkyl 
Preferred heterocycloalkyl rings include, but are not limited to, the following: 



i> a \T 0 




Oxirane Azlridine Oxetane Azetidine Tetrahydrofuran Pyrrolidine i ,4-Oxathiane 

0 0 O 

1,3-Dioxolane 1,2-Dilhiolane 1,3-Dithiolane 4,5-Dihydrolsoxazole 2,3-Dihydroisoxazole 

& 6 6 o 00 

H ^ — ' 

hexahydro-Pyridazine 4,5-Dihydropyrazole Imidazolidine 2H-Pyrrole 4H-Quinolizine 

*" 0 0 0 Q 

Pyrazolidine 2H-Pyran 3,4-Dihydro-2H-pyran Tetrahydropyran 1 ,3-Dioxane 

c? i 0 0 

5,6-dihydro-4H-1,3-oxazine Piperidine Morpholine 4W-1 ,3-Oxazine 6H-1,3-Oxazine 

qO 6 0 0 03 

Cephatn PIperazine Hexahydroazepine 1,3-Dithiane 1,4-Dioxane Penem 

H H H 

S H ^N^O ^N^O 

0 0 ^ 

S O O NHa 

1,4-Dithiane Thiomorpholine Uracil Thymine Cytosine Thiolane 
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"Heterocyclic ring" encoi^passes both hetercycloalkyl and heteioaryl moieties, as those 
tenns are defined herein. 

"Spirocycle" is an allqrl or heteroalkyl diradical substituent of alkyl or heteroalkyl 
wherein said diradical substituent is attached genunally and wherein said diradical substituent 
forms a ring, said ring containing 4 to 8 noember atoms (carbon or heteroatom), preferably 5 or 6 
member atoms. 

^TLower" alkoxy, alkylthio, allqrl, alkene or alkyne moiety (e.g., "lower alkyl") is a chain 
con5>rised of 1 to 6, preferaby from 1 to 4, carbon atoms in the case of alkyl, alkoxy and 
alkylthio, and 2 to 6, preferably 2 to 4, carbon atoms in the case of alkene and alkyne. 

While alkyl, heteroalkyl, cycloalkyl, and heterocycloalkyl groups may be substituted with 
hydroxy, amino, and amido groups as stated above, the following are not envisioned in the 
invention: 

1 . Enols (OH attached to an alkene carbon). 

2. Amin o groups attached to a carbon bearing a double bond (except for vinylogous 
amides). 

3. More than one hydroxy, amino, or amido attached to a single carbon (except where 
two nitrogen atoms are attached to a single carbon atom and all three atoms are 
member atoms within a heterocycloalkyl ring). 

4. Hydroxy, amino, or amido attached to a carbon that also has a heteroatom attached to 
it. 

5. Hydroxy, amino, or amido attached to a carbon that also has a halogen attached to it. 
A "pharmaceutically-acceptable salt" is a cationic salt formed at any acidic (e.g., 

carboxyl) group, or an anionic salt formed at any basic (e.g.. ammo, alkylamino, 
dialkylamino, morphylino, and the like) group on the compound of the invention. Since 
many of the compounds of the invention are zwitterionic, either salt is possible and 
acceptable. Many such salts are known in the art. Preferred cationic salts include the alkali 
metal salts (such as sodium and potassium), alkaline earth metal salts (such as magnesium 
and calcium) and organic salts, such as ammonio. Preferred anionic salts mclude halides, 
sulfonates, carboxylates, phosphates, and the like. Clearly contemplated in such salts are 
addition salts that may provide an optical center, where once there is none. For example, a 
chiral tartrate salt may be prepared from the compounds of the invention, and this definition 
includes such chiral salts. Salts contemplated are nontoxic in the amounts administered to 
the patient-animal, mammal or human. 
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The conq)Ounds of the invention are sufficiently basic to form acid-addition salts. The 
co^^)ounds are useful both in the free-base fonn and the form of acid-addition salts, and both 
forms are within the purview of the invention. The acid-addition salts are in some cases a more 
convenient form for use. In practice, the use of the salt form inherently amounts to the use of the 
base form of the active. Acids used to prepare acid-addition salts include preferably those which 
produce, when combined with the free base, medicinally acceptable salts. These salts have anions 
that are relatively innocuous to the animal organism, such as a mammal, in medicinal doses of the 
salts so fliat the beneficial property inherent in the free base are not vitiated by any side effects 
ascribable to the acid's anions. 

Examples of appropriate acid-addition salts include, but are not limited to hydrochloride, 
hydrobromide, hydroiodide, sulfate, hydrogensulfate, acetate, trifluoroacetate, nitrate, citrate, 
fumarate, formate, stearate, succinate, maleate, malonate, adipate, glutarate, lactate, propionate, 
butyrate, tartrate, methanesulfonate, trifluoromethanesulfonate, p-toluenesulfonate, dodecyl 
sulfate, cyclohexanesulfamate, and the like. However, other appropriate medicinally acceptable 
salts within the scope of the invention are tiiose derived from other mineral acids and organic 
acids. The acid-addition salts of flie basic compounds are prepared by several n^thods. For 
example, the firee base can be dissolved in an aqueous alcohol solution containing the appropriate 
acid and the salt is isolated by evaporation of the solution. Alternatively, tiiey may be prepared 
by reacting the free base with an acid in an organic solvent so fliat the salt separates directly. 
Where separation of the salt is difficult, it can be precipitated with a second organic solvent, or 
can be obtained by concentration of the solution. ' 

Altiiough medicinally acceptable salts of the basic compounds are preferred, all acid- 
addition salts are wifliin the scope of the present invention. All acid-addition salts are useful as 
sources of the free base form, even if the particular salt per se is desu^d only as an intermediate 
product. For example, when the salt is formed only for purposes of purification or identification, 
or when it is used as an intermediate in preparing a medicinally acceptable salt by ion exchange 
procedures, these salts are clearly contenqplated to be a part of this invention. 

Such salts are well understood by the skilled artisan, and the skilled artisan is able to 
prepare any number of salts given the knowledge in the art. Furthermore, it is recognized fliat the 
skilled artisan may prefer one salt over another for reasons of solubility, stability, formulation 
ease and the like. Determination and optimization of such salts is wiUiin the purview of ttie 
skilled artisan's practice. 
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"Host" is a substrate capable of sustaining a microbe, preferably it is a living 
organism, more preferably an animal, more preferably a mammal, more preferably still a 
human. 

"Biohydrolyzable amides" are aminoacyl, acylamino, or other amides of the 
compounds of the invention, where the amide does not essentially interfere, preferably does 
not interfere, with the activity of the compound, or where the amide is readily converted in 
vivo by a host to yield an active compound, 

"Biohydrolyzable imides" are imides of compounds of the invention, where the imide 
does not essentially interfere, preferably does not mterfere, with the activity of the 
compound, or where the imide is readily converted in vivo by a host to yield an active 
coiiq)Ound. Preferred imides are hydroxyimides. 

"Biohydrolyzable esters" are esters of compounds of the invention, where the ester does not 
essentially interfere, preferably does not interfere, with the antimicrobial activity of the 
compound, or where the ester is readily converted in a host to yield an active compound. Many 
such esters are known in the art, as described in U.S. Patent No. 4,783,443, issued to Johnston and 
Mobashery on November 8, 1988 (incorporated by reference herein). Such esters mclude lower 
alkyl esters, lower acyloxy-alkyl esters (such as acetoxymetiiyl, acetoxyethyl, 
aminocarbonyloxymethyl, pivaloyloxymethyl and pivaloyloxyethyl esters), lactonyl esters (such 
as phthalidyl and tiuophthalidyl esters), lower alkoxyacyloxyalkyl esters (such as 
metiioxycarbonyloxymethyl, etiioxycarbonyloxyetiiyl and isopropoxycarbonyloxyethyl esters), 
alkoxyalkyl esters, choline esters and alkylacylaminoalkyl esters (such as acetamidomethyl 
esters). 

The illustration of specific protected forms and other derivatives of tiie Formula 1 
compounds is not intended to be limiting. The application of other useful protecting groups, 
salt forms, etc. is within the ability of the skilled artisan. 

A "solvate" is a complex formed by the combination of a solute (e.g., a quinolone) ^ 
and a solvent (e.g., water). See J. Honig et al., The Van Nostrand Chemist's Dictionary, p. 
650 (1953). Phannaceutically-acceptable solvents used accordmg to tiiis invention mclude 
those that do not interfere with the biological activity of die quinolone or quinolone 
derivative (e.g., water, ethanol, acetic acid, N,N-dimetiiylformamide and others known or 
readily detemuned by the skilled artisan). 

The tenns "optical isomer", "stereoisomer", and "diastereomer" have the standard art 
recognized meanings (see. e.g., Hawlev's Condensed Che mical Dictionarv, 11th Ed.). The 
illustration of specific protected forms and other derivatives of tiie compounds of tiie instant 
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invention is not intended to be limiting. The application of other useful protecting groups, 
salt forms, etc. is within the ability of the skilled artisan. 

The compounds of the invention may have one or more chiral cmters. As a result, one 
may selectively prepare one optical isomer, including diast^cmer and enantiomer, over another, 
for exan^le by use of chiral starting materials, catalysts or solvents, one may prepare both 
st^eoisomers or both optical isomers, including diastereomers and enantiomers at once (a racemic 
mixture). Since the compounds of the mv^tion may exist as racemic mixtures, mixtures of 
optical isomers, including diastereomers and enantiomers, or stereoisomers, they may be 
separated using known methods, such as chiral resolution, chiral chromatography and the like. 

In addition, it is recognized that one optical isomer, including diastereomer and enantiomer, 
or stereoisomer may have favorable properties over the other. Thus when disclosing and claiming 
the invention, when one racemic mixture is disclosed, it is clearly contemplated that both optical 
isomers, including diastereomers and enantiomers, or stereoisomers substantially free of the other 
are disclosed and claimed as well. 

As used herein, a quinolone derivative includes prodrugs of a quinolone, or an active drug 
made from a qumolone. Preferably, such derivatives include lactams (e.g., cephems, 
carbacephems, penemsi monolactams, etc.) covalently linked to the quinolone optionally via a 
spacer. Such derivatives and methods to naake and use them are apparent to the skilled artisan, 
given the teachings of this specification. 

n. Compounds : 

The subject invention involves compounds of Formula (I): 




"Rf R'9 



(D 
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wherein A\ X, Y, Z, a. & , c, R^ R^ R^ R^ R^ R^ and R^^ are as defined in the Summary of 
the Invention section above. 

With reference to Formula (I), the description above indicates that m one embodiment 
(defined in sub-part (A)), the nucleus of the compounds will include only two fiised rings as 
depicted. Alternatively, the nucleus of the compounds will include three or four fiised rings, as 
defined in sub-parts (B) through (D). These alternative embodunents are depicted as Formula (D), 
Formula (E) and Formula (F). Formula (G), and Formula (H) respectively, below. 

With respect to each of tiie embodiments described, a non-limiting list of preferred 
compounds is also set forth in tabular form. It will be recognized that for purification, 
administration and tiie like, salts and other derivatives of the above compounds are often used. 
Thus, a pharmaceutically-acceptable salt, hydrate, or biohydrolyzable ester, amide or imide 
thereof is conten?)lated as part of tfie subject invention and is meant to be included in the tables. 

Table I contains a non-limiting list of compounds of Formula (A) 




Rg^ "^Rg 

(A) 

These compounds are those of Fonnula (I) where X is a carbon atom, Z is -C(C0R')-. >s 
hydrogen, is hydroxy, a represents a double bond, b represents a single bond, c is a double 
bond, Y is N(R'), and no additional fused rings are fmned (i.e., confounds of sub-part (A)). 

For purposes herein, Cy = Cyclopropyl; F-Cy = 2-fluorocyclopropyl; 4F-Ph = 4- 
fluOTOphenyl; 2,4diFPh = 2,4-difluQrophenyl. 

Table! 



Al 



Rl 



R5 



R6 



R7 



R'7 



RIO 



R9 



R 
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Table n contains a non-limiting list of compounds of Fonnula (B). 




(B) 

These compounds are those of Fonnula (I) where X is a nitrogen atom, a represents a single bond, 
h represents a double bond, c represents a double bond, and Y is -CR^-. 
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These compounds are those of Fonnula (I) where X is carbon, Y is -N9(R1)-. a is a double bond, 
& is a single bond, c is a single bond, and R2 is a double bond oxygen. 



Al 


Rl 


R5 


R6 


R7 


R7' 


RIO ' 


R9 


R9' 1 Q 


N 


Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-H 


Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


CP 


Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


c-a 


Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Ome 


Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Me 


Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


N 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-H 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


CF 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Cl 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Ome 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Me 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


NHz 


N 


Et 


H 


F 


Me 


H 


H 


H 


H 


NH2 


CH 


Et 


H 


F 


Me 


H 


H 


H 


H 


NH2 


CF 


Et 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Cl 


Et 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Ome 


Et 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Me 


Et 


H 


F 


Me 


H 


H 


H 


H 


NH2 


N 


tBu 


H 


F 


Me 


H 


H 


H 


H 


NH2 


CH 


ffiu 


H 


F 


Me 


H 


H 


H 


H 


NH2 


N 


4F-Ph 


H 


F 


Me 


TT 

n 


TT 
Jl 


TT 

rl 


H 


NH2 


CH 


4F-Ph 


H 


F 


Me 


H 


H 


H 


H 


NH2 


CP 


4F-Ph 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-a 


4F-Ph 


H 


F 


Me 


H 


H 


H 


H 


NH2 


N 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


NHz 


CH 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


NH2 


CF 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


NH2 


C-Cl 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


NH2 


N 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


NH2 



wo 2004/014893 



PCTAJS2003/022587 



42 



C-H 


cy 


Me 


F 


Et 


H 


H 


H 


H 


NH2 


CF 


cy 


Me 


F 


Et 


H 


H 


H 


H 


NH2 


c-a 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


MHz 


C-Ome 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


NHa 


C-Me 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


MHz 


N 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


NH2 


C-H 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


NH2 


CF 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


NHj 


C-a 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


C-Ome 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


C-Me 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


NH2 


N 


Et 


Me 


F 


Et 


H 


H 


H 


H 


MHz 


CH 


Et 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


CP 


Et 


Me 


F 


Et • 


H 


H 


H 


H 


NHz 


C-a 


Et 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


C-Ome 


Et 


Me 


F 


Et 


H 


H 


H 


H 


NH2 


C-Me 


Et 


Me 


F 


Et 


H 


H 


H 


H 


NH2 


N 


iBu 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


CH 


tBu 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


N 


4F-Ph 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


CH 


4F.Fh 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


CF 


4F-Ph 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


C-a 


4F-Ph 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


N 


2,4diFPh 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


CH 


2,4diFPh 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


CF 


2,4diFPh 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


C-a 


2,4diFPh 


Me 


F 


Et 


H 


H 


H 


H 


NHz 


N 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


NHz 


C-H 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


NHz 


CF 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


NHz 


C-a 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


NHz 


C-Ome 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


NHz 


C-Me 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


NHz 



wo 2004/014893 



PCT/US2003/022587 



43 



N 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


C-H 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


CF 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


c-a 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


NHj 


C-Ome 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


C-Me 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


MHz 


N 


Et 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


CH 


Et 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


CF 


Et 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


C-a 


Et 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


C-Ome 


Et 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


C-Me 


Et 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


N 


tBu 


H 


F 


OMe 


H 


H 


H 


H 


MHz 


CH 


tBu 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


N 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


CH 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


CF 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


C-Cl 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


N 


2,4diFPh 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


CH 


2,4diFPh 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


CF 


2,4diFPh 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


C-Cl 


2,4diFPh 


H 


F 


OMe 


H 


H 


H 


H 


NH2 


N 


cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


C-H 


Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


CF 


Cy 


H 


F 


CH2F 


H 


H 


H 


H 


m.2 


C-Cl 


Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


C-Ome 


Cy 


H 


F 


CHjF 


H 


H 


H 


H 


NH2 


C-Me 


Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


N 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


C-H 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


CF 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


C-Cl 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 



wo 2004/014893 



44 



PCT/US2003/022587 



C-Ome 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


NHj 


C-Me 


F-Cy 


H 


F 


CHjF 


H 


H 


H 


H 


MHz 


N 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


NHj 


CH 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


MHz 


CF 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


NHj 


c-a 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


Mil 


C-Ome 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


NHi 


C-Me 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


N 


tBu 


H 


F 


CH2F 


H 


H 


H 


H 


NHt 


CH 


tBu 


H 


F 


CH2F 


H 


H 


H 


H 


NHz 


N 


4F-Ph 


H 


F 


CH2F 


H 


H 


H 


H 


NHa 


CH 


4F-H1 


H 


F 


CH2F 


H 


H 


H 


H 


NH, 


CF 


4F-Ph 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


C-a 


4F-Ph 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


N 


2,4diFPh 


H 


F 


CH2F 


H 


H 


H 


H 


mk 


CH 


2,4djFPh 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


CP 


2,4diFPh 


H 


F 


CH2F 


H 


H 


H 


H 


NHj 


C-CI 


2,4diFPh 


H 


F 


CH2F 


H 


H 


H 


H 


NH2 


N 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


C-H 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


mk 


CP 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


C-a 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


mk 


C-Ome 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


C-Me 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


N 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


mi 


C-H 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


NHj 


CP 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


NB3 


C-Cl 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


MHz 


C-Ome 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


C-Me 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


N 


Et 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


CH 


Et 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


CF 


Et 


H 


F 


Me 


Me 


H 


H 


H 


NH2 



wo 2004/014893 



PCT/US2003/022587 



45 



c-a 


Bt 


H 


F 


Me 


Me 


H 


H 


H 




C-Ome 


Et 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


C-Me 


Et 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


N 


iBa 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


CH 


tBu 


H 


F 


Me 


Me 


H 


H 


H 


NHa 


N 


4F-Fh 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


CH 


4F-Ph 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


CF 


4F-Ph 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


C-a 


4F-Ph 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


N 


2,4diFPh 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


CH 


2,4diFPh 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


CF 


2,4diFPh 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


C-a 


2.4diFPh 


H 


F 


Me 


Me 


H 


H 


H 


NH2 


N 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-H 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


CF 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-Cl 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-Ome 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-Me 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


N 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-H 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


CF 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-a 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-Ome 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-Me 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


N 


Et 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


CH 


Et 


H 


F 


Me 


H 


Me 


H 


H 


NHa 


CF 


Et 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-a 


Et 


H 


F 


Me 


H 


Me 


H 


H 


mk 


C-Ome 


Et 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-Me 


Et 


H 


F 


Me 


H 


Me 


H 


H 


NHa 


N 


tBu 


H 


F 


Mel H 


ivfc 


H 


H 


NH2 



wo 2004/014893 



PCT/US2003/022587 



46 



CH 


tBu 


H 


F 


Me 


H 


Me 


H 


H 


NHj 


N 


4F-Ph 


H 


F 


Me 


H 


Me 


H 


H 


NHj 


CH 


4F-Ph 


H 


F 


Me 


H 


Me 


H 


H 


NHa 


CF 


4F-Ph 


H 


F 


Me 


H 


Me 


H 


H 


NHj 


c-a 


4F-Ph 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


N 


2,4diFPh 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


CH 


2,4diFPh 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


CF 


2,4diFFh 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


C-a 


2,4diFPh 


H 


F 


Me 


H 


Me 


H 


H 


NH2 


N 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-H 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CF 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


NHz 


C-a 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-Ome 


Cy 


H 


•F 


Me 


H 


Et 


H 


H 


NH2 


C-Me 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


N 


F-Cy 


H 


F 


Me 




Et 


H 


H 


NH2 


C-H 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CF 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-Cl 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-Ome 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-Me 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


N 


Et 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CH 


Et 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CF 


Et 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-a 


Et 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-Ome 


Et 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-Me 


Et 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


N 


tBu 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CH 


ffiu 


H ■ 


F 


Me 


H 


Et 


H 


H 


NH2 


N 


4F-Ph 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CH 


4F-Ph 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CF 


4F-Fh 


H 


F 


Me 


H 


Et 


H 


H 


NH2 



wo 2004/014893 



PCTAJS2003/022587 



47 



c-a 


4F-Ph 


H 


F 


Me 


H 


Et 


H 


H 1 


NH2 


N 


2,4diFPh 


H 


°~F 


Me 


H 


Et 


H 


H 


NH2 


CH 


2,4diFPh 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


CF 


2,4diFPh 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


C-a 


2,4diFPh 


H 


F 


Me 


H 


Et 


H 


H 


NH2 


N 


cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-H 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CF 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-a 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-Ome 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-Me 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


N 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-H 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CF 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-a 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


MHz 


C-Ome 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-Me 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


N 


Et 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CH 


Et 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CF 


Et 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-a 


Et 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-Ome 


Et 


H 


F 


Me 


H 


H 


Me 


H 


NHz 


C-Me 


Et 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


N 


tBu 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CH 


tBu 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


N 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CH 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


H 


X TT T 

NH2 


CF 


4F-Ri 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


C-a 


4F-Fh 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


N 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CH 


2.4diFPh 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


CF 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


H 


NH2 



wo 2004/014893 



PCT/US2003/022587 



48 



1 C-CI 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


H 


NH2 


N 


cy 


H 


F 


Me 


H 


H 


Me 


Me 


1SIH2 


C-H 


cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CF 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NHa 


C-Cl 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Ome 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Me 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


N 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-H 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CF 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Cl 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Ome 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Me 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


N 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CH 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CF 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Cl 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Ome 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Me 


Et 


H 


P 


Me 


H 


H 


Me 


Me 


NH2 


N 


tBu 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CH 


tBu 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


N 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CH 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CP 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


C-Cl 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


N 


2.4diFPh 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


CH 


2,4cliEPh 


H 


P 


Me 


H 


H 


Me 


Me 


NH2 


CP 


2,4diEPh 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


c-a 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


Me 


NH2 


N 


Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-H 


Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


CP 


Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-a 


Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 



wo 2004/014893 



PCTAJS2003/022587 



49 



C-Ome 


Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-Me 


Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


N 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-H 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


CF 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


c-a 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-Ome 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-Me 


F-Cy 


H 


F 


Me 


H 


H 


H 


H 


OH 


N 


Et 


H 


F 


Me 


H 


H 


H 


H 


OH 


CH 


Et 


H 


F 


Me 


H 


H 


H 


H 


OH 


CF 


Et 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-a 


Et 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-Ome 


Et 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-Me 


Et 


H 


F 


Me 


H 


H 


H 


H 


OH 


N 


tBu 


H 


F 


Me 


H 


H 


H 


H 


OH 


CH 


tBu 


H 


F 


Me 


H 


H 


H 


H 


OH 


N 


4F-Ph 


H 


F 


Me 


H 


H 


H 


H 


OH 


CH 


4F-Ph 


H 


F 


Me 


H 


H 


H 


H 


OH 


CF 


4F-Ph 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-a 


4F-Ph 


H 


F 


Me 


H 


H 


H 


H 


OH 


N 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


OH 


CH 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


OH 


CF 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


OH 


C-a 


2,4diFPh 


H 


F 


Me 


H 


H 


H 


H 


OH 


N 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-H 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CF 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-a 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-Ome 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-Me 


Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


N 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-H 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CF 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 



wo 2004/014893 



PCTAJS2003/022587 



50 



c-a 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-Ome 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-Me 


F-Cy 


Me 


F 


Et 


H 


H 


H 


H 


OH 


N 


Et 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CH 


Et 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CF 


Et 


Me 


F 


Et 


H 


H 


H 


H 


OH 


c<:i 


Et 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-Ome 


Et 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-Me 


Et 


Me 


F 


Et 


H 


H 


H 


H 


OH 


N 


tBu 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CH 


tBu 


Me 


F 


Et 


H 


H 


H 


H 


OH 


N 


4F-Ph 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CH 


4F-Ph 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CF 


4F-Ph 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-a 


4F-Ph 


Me 


F 


Et 


H 


H 


H 


H 


OH 


N 


2,4diFPh 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CH 


2.4djFPh 


Me 


F 


Et 


H 


H 


H 


H 


OH 


CF 


2,4diFPh 


Me 


F 


Et 


H 


H 


H 


H 


OH 


C-Cl 


2,4diFPh 


Me 


F 


Et 


H 


H 


H 


H 


OH 


N 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-H 


cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CF 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-Cl 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


come 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-Me 


Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


N 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-H 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CF 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


On 


C-a 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-Ome 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-Me 


F-Cy 


H 


F 


OMe 


H 


H 


H 


H 


OH 


N 


Et 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CH 


Et 


H 


F 


OMe 


H 


H 


H 


H 


OH 



wo 2004/014893 



PCT/US2003/022587 



51 



1 ^ 


Et 


H . 


F 


OMe 


H 


H 


H 


H 


/-\TT y 
OH 


C-Cl 


Et 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-Ome 


Et 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-Me 


Et 


H 


F 


OMe 


H 


H 


H 


H 


OH 


N 


tBu 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CH 


tBu 


H 


F 


OMe 


H 


H 


H 


H 


OH 


N 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CH 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CF 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


OH 


c-a 


4F-Ph 


H 


F 


OMe 


H 


H 


H 


H 


OH 


N 


2,4d3FPh 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CH 


2,4diFPh 


H 


F 


OMe 


H 


H 


H 


H 


OH 


CF 


2,4diFPh 


H 


F 


OMe 


H 


H 


H 


H 


OH 


C-a 


2.4cliFPh 


H 


F 


OMe 


H 


H 


H 


H 


OH 


N 


cy 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-H 


cy 


H 


F 


CHjF 


H 


H 


H 


H 


OH 


CP 


Cy 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-a 


Cy 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-Ome 


Cy 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-Me 


Cy 


H 


F 


CHzF 


H 


H 


H 


H 


OH 


N 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-H 


F-Cy 


H 


F 


CH2F 


H 


H. 


H 


H 


OH 


CF 


F-Cy 


H 


F 


CHzF 


H 


H 


H 


H 


OH 


C-a 


F-Cy 


H 


F 


CH2F 


H 


H . 


H 


H 


OH 


C-Ome 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-Me 


F-Cy 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


N 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


CH 


Et 


H 


F 


CHaF 


H 


H 


H 


TT 

n 


Orl 


CF 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-Cl 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


C-Ome 


Et 


H 


F 


CHaF 


H 


H 


H 


H 


OH 


C-Me 


Et 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


N 


tBu 


H 


F 


CH2F 


H 


H 


H 


H 


OH 



wo 2004/014893 



PCT/US2003/022587 



52 



CH 


tBu 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


N 


4F-Ph 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


CH 


4F-Ph 


H 


F 


CHjF 


H 


H 


H 


H 


OH 


CP 


4F-Ph 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


c-a 


4F-Ph 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


N 


2,4djFPh 


H 


F 


CH2F 


H 


H 


H 


H 


OH 


CH 


2,4diFPh 


H 


F 


CHjF 


H 


H 


H 


H 


OH 


CF 


2,4diFPh 


H 


F 


CH2P 


H 


H 


H 


H 


OH 


C-a 


2,4diFPh 


H 


F 


CHoF 


H 


H 


H 


H 


OH 


N 


cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-H 


cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CF 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-a 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-Ome 


Cy 


H 


F 


Me 


Me 


H 


• H 


H 


OH 


C-Me 


Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


N 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-H 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CP 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-a 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-Ome 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-Me 


F-Cy 


H 


F 


Me 


Me 


H 


H 


H 


OH 


N 


Et 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CH 


Et 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CF 


Et 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-a 


Et 


H 


F 


Me 


Me 


H 


H 


H 


OH 

— ■ ■ 


C-Ome 


Et 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-Me 


Et 


H 


F 


Me 


Me 


H 


H 


TT 
Jl 




N 


tBu 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CH 


tBu 


H 


F 


Me 


Me 


H 


H 


H 


OH 


N 


4F-Ph 


H 


F 


Me 


Me 


H 


H 


H • 


OH 


CH 


4F-Ph 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CF 


4F-Ph 


H 


F 


Me 


Me 


H 


H 


H 


OH 



wo 2004/014893 



PCT/US2003/022587 



53 



c-a 


4F-Ph 


H 


F 


Me 


Me 


H 


H 


H 


— j^TT — n 


N 


2.4djFPh 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CH 


2.4diFE1i 


H 


F 


Me 


Me 


H 


H 


H 


OH 


CF 


2,4diFPh 


H 


F 


Me 


Me 


H 


H 


H 


OH 


C-a 


2,4diFPh 


H 


F 


Me 


Me 


H 


H 


H 


OH 


N 


cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-H 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CP 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-Cl 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-Ome 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-Me 


Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


N 


F-<::y 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-H 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CF 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-a 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-Ome 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-Me 


F-Cy 


H 


F 


Me 


H 


Me 


H 


H 


OH 


N 


Et 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CH 


Et 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CP 


Et 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-a 


Et 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-Ome 


Et 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-Me 


Et 


H 


F 


Me 


H 


Me 


H 


H 


OH 


N 


iBu 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CH 


iSu 


H 


F 


Me 


H 


Me 


H 


H 


OH 


N 


4F-Ph 


H 


P 


Me 


H 


Me 


H 


H 


OH 


CH 


4F-Ph 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CP 


4F-Ph 


H 


F 


Me 


H 


Me 


H 


H 


OH 


C-a 


4F-Ph 


H 


F 


Me 


H 


Me 


H 


H 


OH 


N 


2,4diFPh 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CH 


2,4diFPh 


H 


F 


Me 


H 


Me 


H 


H 


OH 


CP 


2,4diFPh 


H 


F 


Me 


H 


Me 


H 


H 


OH 



wo 2004/014893 



PCT/US2003/022587 



54 





2,4diFPh 


H 


F 


Me 


H 


Me 


H 


H 


OH 


N 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-H 


cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CP 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Cl 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Ome 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Me 


Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


N 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-H 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CF 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


c-a 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Ome 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Me 


F-Cy 


H 


F 


Me 


H 


Et 


H 


H 


OH 


N 


Et 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CH 


Et 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CF 


Et 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-a 


Et 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Ome 


Et 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Me 


Et 


H 


F 


Me 


H 


Et 


H 


H 


OH 


N 


tBu 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CH 


tBu 


H 


F 


Me 


H 


Et 


H 


H 


OH 


N 


4F-Fh 


H 


F 


Me 


H 


Et 


• H 


H 


OH 


CH 


4F-Ph 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CF 


4F-Ph 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-a 


4F-Ph 


H 


F 


Me 


H 


Et 


H 


H 


OH 


N 


2,4diFPh 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CH 


2,4diFPh 


H 


F 


Me 


H 


Et 


H 


H 


OH 


CF 


2,4diFPh 


H 


F 


Me 


H 


Et 


H 


H 


OH 


C-Cl 


2,4diFPh 


H 


F 


Me 


H 


Et 


H 


H 


OH 


N 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-H 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


CF 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-a 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 



wo 2004/014893 



PCT/US2003/022587 



55 



C-Ome 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-Me 


Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


N 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-H 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


CF 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


c-a 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-Ome 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-Me 


F-Cy 


H 


F 


Me 


H 


H 


Me 


H 


OH 1 


N 


Et 


H 


F 


Me 


H 


H 


Me 


H 




CH 


Et 


H 


F 


Me 


H 


H 


Me 


H 


OH 1 


CF 


Et 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-a 


Et 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-Ome 


Et 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-Me 


Et 


H 


F 


Me 


H 


H 


Me 


H 


OH 


N 


tBu 


H 


F 


Me 


H 


H 


Me 


H 


OH 


CH 


ffiu 


H 


F 


Me 


H 


H 


Me 


H 


OH 


N 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


H 


OH 


CH 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


H 


OH 


CP 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-a 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


H 


OH 


N 


2,4diFFh 


H 


F 


Me 


H 


H 


Me 


H 


OH 


CH 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


H 


OH 


CF 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


H 


OH 


C-a 


2,4diEPh 


H 


F 


Me 


H 


H 


Me 


H 


OH 


N 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-H 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


CF 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-a 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH J 


C-Ome 


Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-Me 


Cy 


H 


F 


Me 


H 


H 


Ma 


Me 


OH 


N 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-H 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


CF 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 



wo 2004/014893 



PCTAJS2003/022587 



56 





F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-OmB 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-Me 


F-Cy 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


N 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


CH 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


CP 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


c-a 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-Ome 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-Me 


Et 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


N 


tBu 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


CH 


tBu 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


N • 


4F-Ph 


H 


F ' 




H 


H 


Me 


Me 


OH 


CH 


4F-Fh 


H 


F 


Me 


H 


H \ 


Me 


Me 


OH 


CF 


4F-Ph 


H 


F 


Me 


H 


TT 

H 


Me 


Me 


OH 


C-Cl 


4F-Ph 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


N 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


CH 


2,4diFPh 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


CP 


2,4djFPb 


H 


F 


Me 


H 


H 


Me 


Me 


OH 


C-Cl 


2,4cliFPh 


H 


F 


Me 


H 


H 


Me 


Me 


OH 



Table IV contains a non-limiting list of conq)oimds according to Fonnula (D). 
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These compounds are those of Formula (I) where Z is -C(C0R3)-, and join to form a 6- 
membered heterocycloalkyl. Formula (D) is defined such that D is substituted or unsubstituted - 
C- or -N- or D is -O- or S; and R"' are independently selected firom hydrogen and C1-C6 
alkyl; and E is selected firom -S-, substituted or unsubstituted -C- and substituted or 
unsubstituted -N-. In one embodiment, D is -0-. In one embodiment, E is -CH2-. In one 
embodiment, R" is hydrogen and R*^' is C1-C6 alkyl, preferably methyl. 

Table V contains a non-limiting list of preferred conqwunds of Formula (D). 
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(Stereochemistry at the carbon atom bearing R^^ and R^^' is preferably the S-configuration) 
With regard to Formula (E), the compounds have a structure according to the following: 




Formula (E) 

These compounds are those of Formula (I) where Z is -C(C0R3)- , and R* and R^ join to form 
ring L, which is a mono- or bicyclic heterocycle comprising N'. 

Table VI contains a non-lunitmg list of preferred compounds of Formula (F) having the 
followmg formula: 



wo 2004/014893 PCT/US2003/022587 

59 




Table VI 
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Table Vn contains a non-limiting list of preferred compounds of Formula (G) having the 
following formula; 
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With regard to Formula (H). the compounds have a structure according to the following 
structure: 
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join to form a S-membered heterocycloalkyl. where T is selected from -0-, -S- and substituted or 



unsubstituted -N-. In one embodiment, T is -S-. 

Table Vin contains a non-limiting list of preferred compounds of Formula (H). 
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The following provides a description of moiety embodiments with respect to each A\ a, b 
and c. X, Y, Z, .R^ ,R^ R^ R''. R'. R'* and R^° of Formula Q. 

is selected from -N- and -C(R^)-. In one embodiment A* is -C(RV, where R* is 
selected from hydrogen, halo. Ci to about Cg alkyl, C2 to about Cg alkene or alkyne and Ci to 
about Cg alkoxy, all such alkyl, alkene, alkyne and alkoxy moieties being unsubstituted or 
substituted with from 1 to about 3 fluoro. Jn one embodiment R* is hydrogen. In one 
embodiment R* is lower alkyl, preferred is where R^ has from 1 to about 2 carbon atoms; methyl 
is prefened. In one embodiment R* is lower alkene, preferred R* has from 2 to about 4 carbon 
atoms; ethenyl is prefeired. In one embodiment R* is lower alkoxy, preferred R* has from 1 to 
about 4 carbon atoms; methoxy is preferred, hi one embodiment R* is lower alkylthio, preferred 
R* has from 1 to about 4 carbon atoms, methylthio is preferred. All R* alkyl and alkene moieties 
are unsubstituted or substituted with fluoro. In one embodiment R^ is halo, prefeired R* are 
chloro and fluoro. In one embodunent R* is selected from chloro, methyl, methoxy, methylthio, 
monofluoromethyl, difluoromethyi, trifluoromethyl, monofluoron^thoxy, difluoromethoxy, and 
trifluoromethoxy. In one embodiment R* is selected from methyl substituted with from 1 to 3 
fluoro, methoxy, methylthio, and chloro; especially either methoxy, methylthio or chloro. 

fl, 6 and c are each independently a smgle or double bond. In one embodiment, a is a 
double bond, & is a single bond, and c is a double bond. In one embodiment, a is a single bond, b 
is a double bond, and c is a double bond. In one enibodiment, a is a double bond, i is a single 
bond, and c is a single bond. 

X is selected from -C- or -N-. When X is -C-, a is a double bond and * is a single bond. 
In contrast, when X is -N-, a is a single bond and is a double bond. 

Y is selected from -N(R^)- and -CR°R'-. However, Y is N(R') only if X is -C- and Y is - 
C(R*)- only if X is -N- and Z is -C(COR^)-. 

Z is selected from -C(COR^)- . -N(R^)- and -N(NHR^)-. When Z is -C(COR^)-, c is a 
double bond. In contrast, when Z is either -N(R^)- and -N(NHRV, c is a single bond. However, 
Z is either -N{R^)- or -N(NHR^)- only if X is -C-, Y is -N(R^)- and A^ is -C(R^).. 

R° is selected from hydrogen and nil. When R"" is hydrogen, b is single bond. In 
contrast, when R° is nil, & is a double bond. 
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is selected from C3 to about cycloalkyl, C3 to about heterocycloalkyl, Ci to 
about Cg aUqrl, C2 to about Cg alkene or alkyne, Ci to about Cg alkyloxy, 6-membered aryl and 
6-membered heteroaryl. All such alkyl, alkene, alkyne, alkoxy, cycloallqrl, aryl and heteroaryl 
substituents are unsubstituted or substituted with from 1 to 3 fluoro. All such aryl and heteroaryl 
are also unsubstituted or substituted with on6 hydroxy in the 4-position. In one embodiment, is 
selected iBrom C3 to about Cg cycloalkyl, C3 to about Cg heterocycloalkyl, Ci to about C4 allqrl 
and C2 to about C4 alkene. In one embodiment, R^ is selected from cyclopropyl, ethyl, t-butyl, 4- 
hydroxyphenyl and 2,4-difluorophenyl. In one embodiment R^ is C3 to about Cg cycloallqrL In 
one embodiment, R' is to about C4 alkyl. 

When R^ is cycloalkyl, preferred are rings having from about 3 to about 5 ring carbon 
atoms, more preferably 3 ring carbon atoms. R* cycloalkyl moieties are preferably saturated or 
unsaturated with one double bond; more preferably R^ cycloalkyl is saturated. When R^ is linear 
lower alkyl, preferred is where R^ contains from 1 to about 2 carbon atoms; methyl and ethyl are 
preferred, most preferred is ethyl. When R^ is lower linear alkene, preferred is where R^ contains 
from 2 to about 3 carbon atoms; ethenyl is preferred. When R^ is branched lower alkyl or lower 
alkene, preferred is where R^ contains from 3 to about 4 carbon atoms; branched lower alkyl is 
preferred; t-butyl is particularly preferred. All of the R' moieties mentioned m this paragraph are 
unsubstituted or substituted. When R^ is substituted, preferred is one or more fluorine atoms. 

When R^ is a 6-membered aryl or a 6-membered heteroaryl aryl, the ring is unsubstituted 
or substituted with from 1 to about 3 fluorine atoms, one amino group (preferably at the S-position 
of the ring), one hydroxy (preferably in the 4-position of the ring), or a combination of these 
substituents; substituted phenyl is preferred. Preferred R^ moieties are selected from cyclopropyl, 
ethyl, phenyl substituted with 1 to 3 fluoro, and 4-hydroxyphenyl; more preferred is 2,4- 
difluorophenyl, and especially cyclopropyl or ethyl. 

In one embodhnent R* and R^ combine to form a fused 6-membered heterocyclic ring 

R^ is selected from hydrogen, double bond oxygen. Ci to about Cg allq^l, C2 to about Cg 
alkene or alkyne, Ci to about Cg alkoxy and Ci to about Cg thioalkyl. However, R^ is double 
bond oxygen only if Z is either -N(R^)-. or -N(NHR^)-. In one embodhnent, R^ is hydrogen, hi 
one enaA)odiment R^ is a double bond oxygen. 

In one embodiment, R* and R^ combine to form a fused 6-membered heterocyclic ring. 

R^ is selected from hydrogen, hydroxy, Ci to about Cg alkyl, C2 to about Cg alkene or 
alkyne, to about Cg alkoxy and Ci to about Cg thioalkyl. In one embodiment, Z is -C(C0RV 
and R^ is selected from hydrogen and hydroxy; preferred is hydroxy thereby forming a carboxylic 
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acid moiety. This carboxylic moiety is a potential point of formation for the subject coin>ounds 
of pharmaceutically-acceptable salts, and biohydrolizable esters, aminoacyls, and amides, as 
described hercm. Conq)ounds having any such variations at the position are mcluded in the 
subject mvention. In one embodiment, Z is -NCRV and is hydroxy. In one embodiment, Z is - 
N(NHR^)- and R^ is selected from hydrogen, hydroxy and Ci to about alkyl. 

hi one embodiment, R^ and R^ combine to form a fused 6-membered heterocyclic ring. 

R^ is selected from hydrogen, hydroxy, amino, halo, Ci to about €5 alkyl, C2 to about C4 
alhene or alkyne and Ci to about C4 alkoxy. All such alkyl, alkene, alkyne and alkoxy moieties 
are unsubstituted or substituted with from 1 to 3 fluoro. hi one embodiment, R^ is selected from 
Ci to about C2 alkyl, preferably Ci allgfl. In one embodiment, R^ is C2 alkene. hi one 
embodiment, R^ is Ci to about C2 alkoxy. hi one embodiment, R^ is amino. AU R^ Ci alkyl, C2 
alkene and Ci to about C2 alkoxy moieties are unsubstituted or substituted with fluoro moieties. 
In one embodiment R^ is selected from hydrogen, hydroxy, chloro, bromo, amino, methyl, 
monofluoromethyl, difluoromethyl and trifluoromethyl. In one embodiment, R^ is selected from 
hydrogen, hydroxy, ammo, and methyl. In one embodiment, R^ is hydrogen. 

R^ is selected from hydroxy, aminocarbonyl, fluoro, chloro, bromo, cyano, Ci to about C2 
alkyl and C2 to about C4 alkenyl or alkynyl. All such alkyl, alkenyl and alkynyl moieties are 
unsubstituted or substituted with from 1 to about 3 fluoro. hi one embodiment R^ is selected from 
hydroxy, fluoro, chloro, bromo, and methyl. In one embodiment R^ is selected from fluoro and 
chloro. hi one embodiment R^ is fluoro. hi one embodiment R^ is hydroxy, hi oone embodiment 
R^ is methyl. 

R^ and R''' are each independently selected from hydrogen, Ci to about Cg alkyl. C2 to about 
C6 alkene or alkyne, Ci to about Cg alkoxy, Ci to about Cg alkylthio and Ci to about Cg 
heteroallqrl; provided R^ and R''* are not both hydrogen; or R^ and R'' jom to form a C3 to about Cg 
cycloalkyl or heterocycUc ring contauimg the carbon atom to which they are bonded. All such 
allqrl, alkene, alkyne, alkoxy, alkythio, heteroallqrl, cycloalkyl and heterocyclic moieties are 
unsubstituted or substituted with from 1 to 3 fluoro. In one embodunent, R^ and R^ job to form a 
C3 to about Cg cycloallqrL hi one embodiment, R"' and R"^ jom to form a cyclopropyl. hi one 
embodunent, R^ and R"^ are selected from Ci to about C3 alkyl or Ci to about C3 alkyloxy. hi one 
embodiment, R''' is hydrogen and R^ is selected from hydrogen Ci to about C3 alkyl and Ci to about 
C3 alkyloxy; provided R' and R^* are not both hydrogen. In one embodiment, R^' is hydrogen and 
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R' is selected from methoxy, thiomethoxy, mefliyl and ethyl, all such methoay, thiomethoxy, methyl 
and ethyl moieties being misubstituted or substituted with from 1 to about 3 fluoro. Id one 
embodiment, R'' is hydrogen and R' is selected from mefliyl and ethyl. In one embodimrait, R'' is 
hydrogen and R' is selected from Cj to about Cg alkyl, C2 to about Cg a'!*'® a^^' ^1 to 
about Cg alkoxy, Ci to about Cg alkylthio and Ci to about Cg heteioalkyl and the carbon atom 
piperidine ring member, to which is attached, is of flie S-configuration. In one embodiment. R'' 
is hydrogen and R' is methyl and Oie carbon atom piperidine ring meniber, to which R' is attached, 
is of the S-configuration. 

R' and R*" are each indq)endentiy selected from hydrogen and Ci to about C3 alkyl, or R' 

and Rejoin to form a C3 to about Cg heterocyclic ring containing tiie nitrogen atom to which tiiey 
are bonded. In one embodiment R' and R'' are each independently selected from hydrogen, methyl 
and ettiyl. In one embodiment R' and R'' join to form a C3 heterocycUc ring. In one embodiment. 
R' and R*" are each independently selected from hydrogen and metiiyl. In one embodiment R' 
and R'' are each hydrogen. In one embodiment, each R' and R'' are each mdependently selected 
from hydrogen and mefliyl, and die carbon atom piperidine ring member, to which -NR'R*' is 
attached, is of flie S-configuration. In one embodiment, R' and R'' are bofli hydrogen and tiie 
carbon atom piperidme ring member, to which -NR'r'' is attached, is of the S-configuration. 

r" represents flie moieties on flie piperidine ring oflier flian R^ R^ and -NRV, where 
each R" is independenfly selected from hydrogen, Ci to about Cg alkyl, C2 to about Cg alkene or 
alkyne, Ci to about Cg alkoxy, C3-C6 cycloalkyl aU such alkyl, alkene, alkyne, alkoxy and 
cycloalkyl moieties being unsubstituted or substituted with from 1 to 3 fluoro, hi one 
embodunent, each is selected from hydrogen, methyl, ethyl, isopropyl, cyclopropyl and 
methoxy. In one embodunent. each R^^ is selected from hydrogen, methyl and ethyl. In one 
embodiment, each R^** is hydrogen. In one embodiment, the carbon atom piperidme ring member 
to which R^° is attached is of the S-configeration. 

As used herein, any radical is independently selected each time it is used (e.g.. R^ and R^ 
need not be the same m all occurrences in defining a given compound of this mvention). 

The confounds of the invention may contam chiral center(s). thus any such compound 
includes and contemplates each optical isomer, diastereomer or enantiomer thereof, in purified or 
substantially purified form, and mixtures thereof, mcluding racemic mixtures. 

The foUowmg exemplary compounds are made using the procedures described herein and 
variations thereof which are within the purview of the skilled artisan's practice, The examples 
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below do not limit the invention, but lather serve to illustrate some of the embodiments of the 
mvention. 

In one aspect, the present mvention is directed to conq)Ounds of Formula (I) wherem X is 
-C-, Y is -N(R^)-, Z is -C(CX)R^)-, fl is a double bond, 6 is a single bond, c is a double bond, and 
and R'' are both hydrogen. Jn this aspect, conopounds have a structure according to the 
followmg Formula (II): 




Formula (II) 

where A\ R\ R^ R^ R^ R^ R^ R^'and R^° are as defined with regard to Fornmla (I). In one 
embodiment, the compounds are those of Formula (JI) where A* is -C(RV. In one embodiment, 
compounds of Formula (II) are those where R^ and R* do not join to form a ring. 

In another aspect, the present mvention is directed to coiEqpounds of Formula (I) where X 
is -N-, is -C(R^)-, Y is -C(R^)-, Z is -C(COR^)-, a is a single bond, 6 is a double bond, c is a 
double bond, and R^ and R^ are both hydrogen. In this aspect, compounds have a structure 
according to the followmg Formula (HI): 




Formula (m) 
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where R', R^ R^ R^ R*. R'. R^'and R"* are as defined with regard to Formula (D. In one 
embodiment, compounds of Formula (III) are those where R" and R' do not jom to form a ring. 

In another aspect, the presait invention is duected to confounds of Formula (I) whwe X 
is -C-, a' is -C(RV. Y is -N(RV. R* is « do^We bond oxygen, a is a double bond, 6 is a single 
bond, c is a single bond, and R» and R'' are both hydrogen. In this aspect, compounds have a 
structure according to flie followmg Formula (IV): 




where Z, R\ R^ R^ R^ R"^. R^ and R'° are as defined with regard to Formula (1). 

The subject invention compounds above are also useful precursors for compounds of 
formula Q-L-B, wherein Q is a compound of Formula I, L is a linking moiety, and B is a hictam- 
containing moiety. This formula includes optical isomers, disatereomers or enantiomers thereof; 
pharmaceutically-acceptable salts, hydrates, or biohydrolyzable esters, amides and imides thereof 
These con5>ounds and their uses are disclosed m U.S. Patent 5.180.719 issued January 19. 1993; 
U.S. Patent 5.387.748 issued February 7. 1995; U.S. Patent 5.491,139 issued Febmary 13, 1996; 
U.S. Patent 5,530,116 issued June 25, 1996; and European Patent PubUcation Nos. 366,189. 
published May 2, 1990, and 366,640 published May 2, 1990, all incorporated herein by refoence. 
For compositions and methods of use, the compounds of formula Q-L-B are useful in the same 
way as compounds of Formula I. Thus, ttiey can be mterchanged in the composition exanoples 
herein. 

Biological activities of the invention compounds can be compared to ciprofloxacm and 
die otiier known antimicrobial quinolone compounds. Compounds of the subject mvention 
provide better antibacterial properties against certain quinolone resistant bacteria compared to 
ciprofloxacin and certam otbec prior art compounds. When tested against quinolone-resistant 
bacteria such as S. aureus. S. sapropkyticus, Kfaecdis, S. pyogenes. S. pneumoniae. S. viridans. 
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K coli, P. aeruginosa, P. mirabilis, K pneumoniae, E, cloacae, certain conapounds of the subject 
invention have been found to have MIC values ((xg/mL) are lower than ciprofloxacin. 

Qastogenicity profiles of the invention con;)Ounds can be compared to g^atifloxadn. 
Certain compounds of the subject invention provide a better clastogenecity profile compared to 
glatifloxacin and other prior art compounds. A suitable clastogenicity assay is described in V, 
Cigvarino, M. J. Suto, J. C, Thiess, Mutation Research. Vol. 298, p. 227 (1993). 

m. General Reaction Schemes for Compound Preparation : 

In making the compounds of the invention, the order of synthetic steps may be varied to 
increase yield of desired product In addition, the skilled artisan will also recognize the judicious 
choice of reactants, solvents, and temperatures is an important component m successful synthesis. 
While the determination of optimal conditions, etc. is routine, it will be understood that a variety 
of compounds can be generated in a similar fashion, using the guidance of the scheme below. 
Specific synthetic exanq)les are set forth for a variety of compounds in Section VI. 

The starting materials used in preparing the compoimds of the invention are known, made 
by known methods, or are commercially available as a starting material. 

ft is recognized that the skilled artisan in the art of organic chemistry can readily cany out 
standard manipulations of organic compounds without further dnection; that is, it is well within 
the scope and practice of the skilled artisan to carry out such manipulations. These mclude, but 
are not limited to, reduction of carbonyl conq)Ounds to their corresponding alcohols, oxidations, 
acylations, aromatic substitutions, both electrqphilic and nucleophilic, etherifications, 
esterification and saponification and die like. Examples of these manipulations are discussed m 
standard texts such as March, Advanced Or ganic Chemistrv (Wiley), Carey and Sundberg, 
Advanced Organic Chemistrv (Vol. 2), Reser & Feiser, Reagents fo r Qrpanic Synthesis (16 
volumes), L. Paquette, Encyclopedia of Reagents for Organic Svntiiesis (8 volumes). Frost & 
Fleming, rnm prshensive Organic Synthesis (9 volumes) and the like. 

The skilled artisan will readily appreciate that certain reactions are best carried out when 
other functionality is masked or protected in the molecule, thus avoiding any undesirable side 
reactions and/or increasing the yield of the reaction. Often the skilled artisan utilizes protecting 
groups to accomplish such increased yields or to avoid the undesired reactions. These reactions 
are found in the literature and are also well within the scope of the skilled artisan. Examples of 
many of tiiese manipulations can be found for example in T. Greene, Protecting Groups in 
Organic Synthesis . Of course, amino acids used as starting materials with reactive side chains are 
preferably blocked to prevent undesured side reactions. 
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General procedmes for preparing quinolcHie moieties useful in noaking the comqpounds of 
the stibject invention are described in the following refoences, all incorporated by reference 
herein (including articles listed within these references): progress in Drug Research. Vol. 21, pp. 
9-104 (1977); J. Med. Chem.. Vol. 23, pp. 1358-1363 (1980); J. Med. Chem.. Vol. 29. pp. 2363- 
2369 (1986); J. Med. Chem.. Vol. 31, p. 503 (1988); J. Med. CSiem.. Vol. 31. pp. 503-506 (1988); 
J. Med. Chem.. Vol. 31. pp. 983-991 (1988); J. Med. Chem. . Vol. 31. pp. 991-1001 (1988); L 
Med. Chem.. Vol. 31, pp. 1586-1590 (1988); J. Med. Chem. . Vol. 31. pp. 1598-1611 (1988); L 
Med. Chem.. Vol. 32, pp. 537-542 (1989); J. Med. Chem. . Vol. 32, p. 1313 (1989); J. Med. 
Chem.. Vol. 32, pp. 1313-1318 (1989); Drugs Exptl. Clin. Res. . Vol. 14, pp. 379-383 (1988); L 
Pharm. ScL. Vol. 78, pp. 585-588 (1989); J. Het Chem.. Vol. 24, pp. 181-185 (1987); LHst 
Chem.. Vol. 25, pp. 479-485 (1988); Chem. Pharm. Bull . Vol. 35, pp. 2281-2285 (1987); Chem. 
Pharm. Bull.. Vol. 36, pp. 1223-1228 (1988); U.S. Patent No. 4,594,347, June 10, 1986; U.S. 
Patent No. 4,599,334, July 8. 1986; U.S. Patent No. 4,687,770, Aug. 1, 1987; U.S. Patent No. 
4,689,325. Aug. 25, 1987; U.S. Patent No. 4,767,762, Aug. 30, 1988; U.S. Patent No. 4,771,055, 
Sept. 13. 1988; U.S. Patent No. 4,795,751, Jan. 3. 1989; U.S. Patent No. 4,822,801, Apr. 18, 1989; 
U.S. Patent No. 4,839,355, June 13, 1989; U.S. Patent No. 4,851.418. July 25, 1989; U.S. Patent 
No. 4,886,810, Dec. 12, 1989; U.S. Patent No. 4,920,120, Apr. 24 1990; U.S. Patent No. 
4,923,879, May 8, 1990; U.S. Patent No. 4,954.507, Sept. 4, 1990; U.S. Patent No. 4,956,465, 
Sept. 11, 1990; U.S. Patent No. 4,977,154, Dec. 11, 1990; U.S. Patent No. 4,980.470, Dec. 25, 
1990; U.S. Patent No. 5,013.841. May 7, 1991; U.S. Patent No. 5,045,549, SepL 3, 1991; U.S. 
Patent No. 5,290,934, Mar. 1, 1994; U.S. Patent No. 5,328,908, July 12, 1994; U.S. Patent No. 
5,430,152, July 4, 1995; European Patent Publication 172,651, Feb. 26, 1986; European Patent 
Publication 230,053, July 29, 1987; European Patent Publication 230,946, Aug. 5, 1987; European 
Patent Publication 247.464, Dec. 2, 1987; European Patent Publication 284.935, Oct. 5, 1988; 
European Patent Publication 309.789, Apr. 5, 1989; European Patent Publication 332,033. SepL 
13, 1989; European Patent Publication 342,649, Nov. 23, 1989; and Japanese Patent Publication 
09/67,304(1997). 

Suitable methods for making quina2X)lin-2-4-dione compounds of the present invention 
are described in hitemational Patent Publication 01/53273 Al. 

The quinolone compounds of the subject mvention may be prepared m several ways. 
Versatile methodologies for providing the compounds of the invention are shown in Scheme I 
below: 
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Usual quinolone 
rooH ornaphthyrldone pg 
synthesis "^^ 




Methodologies for providing the compounds of the invention where X is -N- and Y is 
C(B})- are shown in Scheme n below: 
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Scheme II 




IV. Compositions: 

The compositions of this invention comprise: 

(a) a safe and effective amount of the compound of the invention 

(b) a phannaceutically-acceptable excipient. 

The compositions may also optionally comprise otiier antimicrobials or other actives, which may 
or may not act synergystically with the invention. 

A "safe and effective amount" of a quinolone is an amount that is effective, to inhibit 
microbial growfli at the site of an infection to be treated in a host, without undue adverse side 
effects (such as toxicity, irritation, or allergic response), commensurate with a reasonable 
benefit/risk ratio when used in the manner of this invention. The specific "safe and effective 
amount" will vary with such factors as the particular condition being treated, the physical 
condition of the patient, the duration of treatment, the natuie of concurrent tiierapy (if any), die 
specific dosage form to be used, the excipient en^loyed, the solubility of the qumolone therem, 
and the dosage regimen desired for the conq)osition. 
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The compositions of this invention are preferably provided in unit dosage form. As used 
herein, a "unit dosage form" is a composition of this invention containing an amount of a 
quinolone that is suitable for admmistration to a human or lower animal subject, in a single dose, 
according to good medical practice. These compositions preferably contain from about 30 mg, 
more preferably firom about 50 mg, more preferably still from about 100 mg, preferably to about 
20,000 mg, more preferably to about 7,000 mg, more preferably still to about 1,000 mg, most 
preferably to about 500 mg, of a quinolone. 

The compositions of this invention may be in any of a variety of fonns, suitable (for 
example) for oral, rectal, topical or parenteral administration. Depending upon Xhc particular route 
of administration desired, a variety of pharmaceutically-acceptable excipients well-known in the 
art may be used. These include solid or liquid fillers, diluents, hydrotropes, surface-active agents, 
and encapsulating substances. Optional pharmaceutically-active materials may be included, 
which do not substantially interfere with the antimicrobial activity of the quinolone. The amount 
of excipient enq)loyed in conjunction with the quinolone is sufficient to provide a practical 
quantity of material for administration per unit dose of the quinolone. Techniques and 
compositions for making dosage forms useful in the methods of this invention are described in the 
following references, all mcorporated by reference herein: Modem Pharmaceutics . . Vol. 7, 
Chapters 9 and 10 (Banker & Rhodes, editors, 1979); Lieberman et al.. Pharmaceuti cal Dosage 
Forms: Tablets (1981); and Ansel, Introduction to Pharmaceutical Dosage Forms 2d Edition 
(1976). 

In particular, pharmaceutically-acceptable excipients for systemic administration mclude 
sugars, starches, cellulose and its derivatives, malt, gelatin, talc, calcium sulfate, vegetable oils, 
synthetic oils, polyols, alginic acid, phosphate buffer solutions, emulsifiers, isotonic salme, and 
pyrogen-free water. Preferred excipients for parenteral administration mclude propylene glycol, 
ethyl oleate, pyrrolidone, ethanol, and sesame oil. Preferably, the pharmaceutically-acceptable 
excipient, ia compositions for parenteral administration, comprises at least about 90% by weight 
by the total composition. 

In addition, dosages for injection may be prepared in dried or lyophilized form Such forms 
can be reconstituted with water or saline solution, depending on the preparation of the dosage 
form. Such forms may be packaged as mdividual dosages or multiple dosages for easier handling. 
Where lyophilized or dried dosages are used, the reconstituted dosage form is preferably isotonic, 
and at a physiologically con^atible pH. 

Various oral dosage forms can be used, including such solid forms as tablets, capsules, 
granules and bulk powders. These oral forms comprise a safe and effective amount, usually at 
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least about S%, and preferably from about 25% to about 50%, of the quinolone. Tablets can be 
conq)ressed, tablet triturates, enteric-boated, sugar-coated, film-coated, or multiple-compressed, 
containing suitable binders, lubricants, diluents, disintegrating agents, coloring agents, flavoring 
agents, flow-inducing agents, and melting agents. Liquid oral dosage forms include aqueous 
solutions, emulsions, suspensions, solutions and/or suspensions reconstituted from non- 
effervescent granules, and effervescent preparations reconstituted from effervescent granules, 
containing suitable solvents, preservatives, emulsifying agents, suspending agents, diluents, 
sweeteners, melting agents, coloring agents and flavoring agents, such are well known to the 
skilled artisan. Preferred excipients for oral administration include gelatin, propylene glycol, 
cottonseed oil and sesame oil. 

The compositions of this invention can also be administered topically to a subject, i.e., by 
the direct laying on or spreading of the composition on the epidermal or epithelial tissue of the 
subject. Such compositions include, for example, lotions, creams, solutions, gels and solids. 
These topical compositions preferably comprise a safe and effective amount, usually at least about 
0.1%, and preferably from about 1% to about 5%, of the quinolone. Suitable excipients for topical 
administration preferably remain in place on the skin as a continuous film, and resist being 
removed by perspiration or immersion in water. Generally, the excipient is organic in nature and 
capable of having dispersed or dissolved therein the quinolone. The excipient may include 
pharmaceutically-acceptable emolients, emulsifiers, thickening agents, and solvents and the like; 
these are well known to the skilled artisan. 

V. Methods of Using the Compoxmds : 

This invention also provides methods of treating an mfectious disorder in a hxmian or other 
animal subject, by administering a safe and effective amount of a quinolone to said subject. As 
used herein, an "infectious disorder" is any disorder characterized by the presence of a microbial 
infection. Preferred methods of this invention are for the treatment of bacterial infections. Such 
infectious disorders include (for example) central nervous system infections, external ear 
infections, infections of the middle ear (such as acute otitis media), infections of the cranial 
sinuses, eye infections, mfections of the oral cavity (such as infections of the teedi, gums and 
mucosa), upper respiratory tract infections, lower respiratory tract infections, including 
pneumonia, genitourinary infections, gastrointestinal infections, gynecological infections, 
septicemia, sepsis, peritonitis, bone and joint infections, skin and skin structure infections, 
bacterial endocarditis, bums, antibacterial prophylaxis of surgery, and antibacterial prophylaxis in 
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post-operative patients or in immunosuppressed patients (such as patients receiving cancer 
chemotherapy, or organ transplant patients). 

The term 'treatment" is used herein to mean that, at a mhumum, admmistration of a 
conq>ound of the present invention mitigates a disease associated an infectious disorder in a host, 
preferably in a mammalian subject, more preferably m hunaans. Thus, the tenn "treatment" 
includes: preventing an infectious disorder from occurring in a host, particularly when the host is 
piedisposed to acquiring the disease, but has not yet been diagnosed with the disease; inhibiting 
the infectious disorder; and/or alleviating or reversing the infectious disorder. Insofar as the 
methods of the present invention are directed to preventing infectious disorders, it is understood 
that the term **prevent" does not require that the disease state be completely thwarted. (See 
Webster's Ninth Collegiate Dictionary.) Rather, as used herein, the term preventing refers to the 
ability of the skilled artisan to identify a population that is susceptible to infectious disorders, such 
that administration of the compounds of the present invention may occur prior to onset of 
infection. The term does not imply that the disease state be con:q)letely avoided. 

The quinolone derivatives and compositions of this mvention can be administered topically 
or systemically. Systemic application includes any method of introducing the quinolone into the 
tissues of the body, e.g., intrathecal, epidural, intramuscular, transdermal, intravenous, 
intraperitoneal, subcutaneous, sublingual, rectal, and oral administration. The specific dosage of 
antimicrobial to be administered, as well as the duration of treatment, are mutually dependent. 
The dosage and treatment regimen will also depend upon such factors as the specilHc quinolone 
used, the resistance pattem of the infecting organism to the quinolone used, the ability of the 
quinolone to reach miniSnum inhibitory concentrations at the site of the infection, the nature and 
extent of other infections (if any), the personal attributes of the subject (such as weight), 
compliance with the treatment regimen, the age and health status of the patient, and the presence 
and severity of any side effects of the treatment. 

Typically, for a human adult (weighing approximately 70 kilograms), from about 75 mg, 
more preferably from about 200 mg, most preferably from about 500 mg to about 30,000 mg, 
more preferably to about 10,000 mg, most preferably to about 3,500 nag. of quinolone is 
admmistered per day. Treatment regimens preferably extend from about 1, preferably from about 
3 to about 56 days, preferably to about 20 days, in duration. Prophylactic regimens (such as 
avoidance of opportunistic infections in hnmunocompromised patients) may extend 6 months, or 
longer, according to good medical practice. 

A preferred mefliod of parenteral admmistration is through intravenous injection. As is 
known and practiced m the art, all formulations for parenteral admmistration must be sterile. For 
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mammals, especially humans, (assuming an appraximate body weight of 70 kilograms) individual 
doses of from about 100 mg, preferably from about 500 mg to about 7,000 mg. more preferably to 
about 3,500 mg, is acceptable. 

In some cases, such as generalized, systemic infections or in inmnune-compromised 
patients, the invention may be dosed Hitravraiously. The dosage form is generally isotonic and at 
physiological pH. The dosage amount will dep©ad on the patient and severity of condition, as 
well as other commonly considered parameters. Determmation of such doses is well within the 
scope of practice for the skilled practitioner usmg flie guidance giveri in die specification. 

A preferred metiiod of systemic administration is oral administration. Individual doses of 
from about 20 mg, more preferably from about 100 mg to about 2,500 mg, more preferably to 
about 500 mg. 

Topical administration can be used to deliver tiie quinolone systemically, or to treat a local 
infection. The amounts of quinolone to be topically administered depends upon such factors as 
skin sensitivity, type and location of die tissue to be treated, the composition and excipient (if any) 
to be administered, tiie particular quinolone to be administered, as well as the particular disorder 
to be treated and the extent to which systemic (as distinguished from local) effects are desired. 



VL Examples - Compound Preparation 
a. Precursor Preparation - Nuclei : 

Precursor Example A 




(Precursor A) 



3~methoxv-2.4,S-trifluorQbenzovl chloride 
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3-Methoxy-2,4,5-difluorobeiizoic acid (43.9 g, 213 mmol) is suspended in dichloromethane (30 
mL) and oxalyl cUoride (25 mL, 287 mmol) is added foUowed by 4 drops of dry DMF. The 
mixture is stirred at room temperature for 6 hours and the solvent is removed by evaporation to 
afford the desired product 
Ethvl 3-methQxv>2.4.5-trifluoro-benzo vl acetate 

Monoethyl malonate (26.4 g, 200 mmol) is dissolved in THF (700 mL). The solution is cooled at 
-50^C and n-butylUthium (160 mL 2.5 M. 400 mmol) is added, keepmg the temperature below - 
50°C. The temperature is initially raised to 0°C and cooled back to -SO^C. 3-methoxy-2.4,5- 
trifluorobenzoyl chloride (20.6 g, 92 mmol) is added, keeping the temperature at -50°C. then the 
reaction mixture is warmed to room temperature. Hydrochloric acid is added until the pH 
becomes acidic. The organic phase is washed with sodium bicarbonate and dried; evaporation of 
the solvent affords the desired product. 

Ethvl 3-CYclopropvlamino-2-f3-methoxv-2.4.5-tr ifluoro-benzovn acrvlate 
To a mixture of acetic anhydride (50 mL, 530 mmol) and triethyl orthoformate (50 mL, 300 
mmol) is added ethyl 3-methoxy-2,4,5-trifluoro-benzoyl acetate (52.94 g, 192 mmol). The 
mixture is refluxed for 2 hours, then is cooled to room temperature. The excess reagent is 
removed by evaporation to provide a thick oil which is dissolved in ethanol (150 mL). 
Cyclopropylamine (17.2 g, 301 mmol) is then added while keepmg the temperature at about 20°C. 
The desired product is isolated by filtration and ak dried. 

Ethvl l>cvclopropvl"6.7-difluoro-L4-dihvdro-8-methoxv-4-o xo><|uinoline>>3-carboxvlate 

Ethyl 3-cyclopropylamino-2-(3-methoxy-2,4,5-trifluoro-benzoyl) acrylate (30.3 g, 88 mmol) is 

dissolved in THF. 60% sodium hydride in oil (4,1 g, 103 mmol) is added portion-wise keeping 

the temperature below 40°C. The solution is stirred at room temperature for 2 hours, then poured 

mto water. The desired product is isolated by filtration and air dried. 

l-Oyclopropvl-^.7^ifluoro- 1.4-dihvdrQ-8-methQxv-4-oxo^m^^ 

(Precursor A) 

Ethyl-l-cyclopropyl-l,4-dihydro-6,7-difluoro-8-methoxy-4-oxo-qumoline-3-c^^ (28.6 g, 

88 mmol) is suspended in a mixture of acetic acid, water, sulfuric acid (8/6/1, 300 mL) and is 
refluxed for 2 hours. The reaction mixture is cooled at O^'C and the desired product is collected by 
filtration. * 

Precursor Example B 
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COOH 




COOH 




:ooEt 




(Precinrsor B) 

S.Rrcwno-3-cl ilnro-2.4-difliinrnhenzoic acid 

To a mixture of acetic acid (100 mL), water (20 mL), and nitric acid (26 mL) is added 3-chloro- 
2,4-difluorobenzoic acid (4 g. 21 mmol) and bromine (2.2 mL, 43 mmol). A solution of sUver 
nitrate (7.0 g 41 mmol) in water (20 mL) is then added slowly. After 14 hours at 20"'C, the 
precipitate is filtered and rinsed with ether. The organic phase is washed with sodium bisulfite, 
water, brine, and dried over MgS04. Removal of the spent dessicant and concentration of the 
solvoit affords the desired product 
S-Bromo-3-cWnm-2.4.difli inrnhenzovl chloride 

5-bromo-3-chloro-2,4-difluoK)benzoic acid (5.2 g, 19 mnwl) is suspended m dichloromediane (30 
mL) and oxalyl chloride (2.92 g, 23 mmol) and dry DMF (3 drops) are added. The mixture is 
stirred at room ten?)erature for 3 hours and the desired compound is isolated after evaporation of 
the solvent. 

Rthvl 5.brom ft-3.cWQro-2.4-Hifliinm-henzovl acetate 

Magnesium (0.475 g, 19.5 mmol) is suspended m ethanol (1.5 mL, 26.5 mmol) and carbon 
tetrachloride (0.16 mL) is added. A solution of diethylmalwiate (3 mL, 19.7 mmol) in ethanol (15 
mL) is added dropwise and the mixture is stiired at 60°C until the magnesium has completely 
dissolved. The mixture is cooled at -5°C and 5-bromo-3-chloro-2,4-dinuorobenzoyl chloride (5.5 
g, 19.0 mmol) is added dropwise. The mixture is stirred at room temperature for 1 hour. Diethyl 
etha: (50 mL) and water (20 mL) are added and die mixture is acidified with concentrated 
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hydrochloric acid. After separation of the organic phase and removal of the solvent, the residue is 
suspended in water (40 mL) and FTSA (0.1 g) is added. The suspension is heated at reflux for 2 
hours, cooled to room temperature, and extracted with diethyl ether. The desired product is 
obtained after evaporation of the solvent. 

Bthvl 3-cyclopropvlaminQ-2-(5-bromo-3-chloro-2.4-difluoro-benzovn acrvlate 
Ethyl S-bromo*2,4-difluoro-3-<;hloro-benzoyl acetate (6.2 g, 18 mmol) is dissolved m a mixture 
of acetic anhydride (4.4 mL, 47m mol) and triethyl orthoformate (4.5 mL, 27 uunol) and the 
mixture is heated at reflux for 2 houis. The volatiles are evaporated, the residue is dissolved in 
ethanol (20 mL), and the resultmg solution is cooled at 0°C. Cyclopropylamine (2 mL, 29mmol) 
is added and, after 30 minutes, the desired product is isolated by filtration and air dried. 

Bthvl 6-bromo-8-chloro-l-cvclopropvl-L4"dihvdro-7-fluoro-4-oxo-quiDoline-3-carboxvlate 
Ethyl 3-cyclopropylamino-2-<5-bromo-2,4-difluoro-3-chloro-benzoyl) acrylate (2.95 g, 7 mmol) 
is dissolved in THF (15 roL) and 60% sodium hydride (0.29 g, 7 nunol) is added portionwise. 
After 1 hour at room temperature, the suspension is poured mto water (100 ndL) and the desired 
product isolated by filtration and air dried. 

6-Bromo-8-cMoro-l-cvclopropvl-l,4Kiihvdro-7-fluorO"4K)xoquinoline-3-carboxvlicacid 
(Precursor B) • 

Ethyl 6-bromo4-cyclopropyl-l,4-dihydro-7-fluoro-8-cMoro-4-oxo-qumoline-3-carboxylate (1.9 
g, 5 mmol) is suspended in a mixture of acetic acid, water, sulfuric acid (8/6/1, 30 mL) and is 
refluxed for 2 hours. The reaction mixture is cooled to room temperature and poured into cold 
water (50 mL). The precipitate is collected by filtration, washed with water, and air dried. 

Precursor Example C 




(Precursor C) 



Ethvl 8-cMorO"lH;vclopropvl-l,4-dihvdro-7-fluorD-^-nietfavl-4 -nynqiiiiinline-3-ca^ 

Ethyl 6-Bromo-8-chloro-l-cyclopropyl-7-fluoro-l,4-dihydro-4-oxoquinoline-3-carboxyate (0.5 g, 

1.3 nunol), lithium chloride (0.165 g, 3.9 mmol), tris(dibenzylid^eacetone)dipaUadium (0.120 g. 
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0.13 mmol). tetramethyltin (0.465 g, 2.6 mmol) and 2,6-<ii-te/t-butyl-4-methyl-phenol (BHT. 25 
mg) are combined in DMF (40 mL) and heated at lO-lS^'C for 18 hours. The solvent is then 
removed in vacuo. The residue is triturated with hexanes and then purified by flash 
chromatography on silica gel usmg 1% methanol in chloroform to give the desired product. 

8-cMoro-lK;vclQpropvl-1.4-dihvdro-7->fluoro-^-methvl-4-oxoq mnolme acid 
(Precursor C) 

Ethyl 8K;hloro-l-cyclopropyl-l,4-dihydro-7-fluoro-6-methyl4-oxo-quinoline-3<arboxylate 
(0.290 g, 0.9 mmol) is suspended in a mixture of acetic acid, water, sulfuric acid (8/6/1, 3 mL) 
and is refluxed for 2 hours. The reaction mixture is cooled to room temperature and poured into 
cold water (5 raL). The precipitate is collected by filtration, washed with water, and air dried. 

Precursor Example D 




(Precursor D) 

3"Chloro-2.4-difluoro-bromobenzene 

To a solution of diisopropylamine (19 mL, 135 mmol) in THF (125 mL) cooled at -20°C is added 
n-butyllithium (80 mL, 1.6 M in hexane, 128 mmol). The ten5>erature is raised to O^C for 5 
minutes and lowered to -78°C. Then 2.4-difluoro-bromobenzene (25 g, 130 mmol) is then added 
and the reaction mixture is stirred at -65°C for 2 hours. Hexachloroacetone (25 mL, 164 mmol) is 
added and the solution is warmed to room temperature. After evaporation of the solvent, the 
residue is distilled under vacuum to give the desired product. 
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3-Cailoro-2.4-difluarobeDZoic acid 

To a solution of 3-chloro-2.4-difluoro-bromobeiizene (21.5 g, 94.5 nunol) in ether (220 mL) at - 
78°C is added a mixture of n-butyllithium (59 mL,1.6 M in hexane, 94.4 mmol) in Et20 (60 mL) 
keeping the temperature below -70''C After 15 minutes, CX>2 is bubbled into the reaction mixtuie 
keeping the temperature below -70**C. After wanning to room temperature, water and 
hydrochloric acid are added and the organic phase is separated, and dried. Removal of the solvent 
affords the desued product. 

S"Nitro»3-chloro-2,4-difluQrobenzoic acid 

3-Chloro-2,4-difluorobenzoic acid (10 g, 52 mmol) is added to a mixture of fuming nitric acid (10 
mL) and sulfuric acid (13 mL) at 0**C. The suspension is then stirred at room temperature for 30 
minutes and poured onto ice. Filtration of the resulthig solid affords the desired product. 

5-Nitro-3-chloro-2.4-difluorobenzovl chloride 

5-Nitro-3-chloro-2,4-difluoroben2oic acid (6.94 g, 29 mmol) and oxalyl chloride (4.06 g, 32 
mmol) are dissolved m dichloromethane (30 mL) then four drops of DMF are added. The 
reaction mixture is stirred for 14 hours at room temperature and the solvent is evaporated under 
reduced pressure to give the desired product. 

Ethvl 5-mtro-3-chloro-2.4-difluoro-benzovl acetate 

Monoethyl malonate (3,26 g, 24.7 mmol) is dissolved in THF (10 mL) and the solution is cooled 
at -50°C. n-Butyllithium (30 mL, 1.6 M, 48 mmol) is added over a period of 30 minutes. A 
solution of 5-mtro-3-chloro-2,4-difluorobenzoyl chloride (3.35 g, 13 mmol) of in THF (2 mL) is 
added keepmg the temperature below -50°C. The reaction mixture is then stirred at room 
temperature for 3 hours and IN HCl (5 mL) is added. The organic layer is separated and the 
aqueous phase is extracted with ethyl acetate. The combined organic phases are dried and the 
crude product obtained after evaporation of the solvent. Pure product is obtained after flash 
chromatography using 5% EtOAc in CH2CI2. 

Ethvl 3-cvcloproDvlanimo-2-f2.4-difluoro-3-chloro-5-nitro-b enzQyn acrvlate 
Ethyl 5-nitro-3-chloro-2,4-difluoro-benzoyl acetate (4.10 g, 13.3 mmol) is dissolved in a mdxture 
of triethyl orthoformate (3.4 mL, 20 mmol) and acetic anhydride (6 mL, 64 mmol). The reaction 
mixture is warmed at 120*'C for 3 hours and tiie remaining volatiles are removed under vacuuna. 
The residue is dissolved in ethanol (15 mL) and the solution is cooled at -5° C. 
Cyclopropylamine (0.88 mL, 12.7 mmol) is added and the desired product is isolated by filtration 
and air dried. 
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Ethvl l-cvclopropvl-L4-<iihydrc)-7-fluoro-8'CMoiD-6-mtro^-<)xo-q^ 
(Precursor D) 

Ethyl 3-<:yclopropylanimo-2-<2,4'4ifluoro-3K:Wor(>5-mtro-bem^ acrylate (3.41 g, 9.1 mmol) is 
dissolved in EtOAc (40 mL) at 0°C . Potassium carbonate (3.9 g, 28 mmol) is added and the 
reaction mixtuie is stiiied at 0°C for 2 hours. The mixture is poured into ice water and the desired 
product is isolated by filtration, washed with water, and air dried. 



Precursor Example E 




(Precursor E) 

2.6-dichlorO'5-fluoro-3-nicotinovl chloride 

2,6-dichloro-5-fluoro-3-nicotinic acid (4 g, 19 mmol) is suspended in CH2CI2 and oxalyl chloride 
(2.72 g, 21 mmol) is added followed by 3 drops of DMF. The mixture is allowed to stir for 3 
hours at room temperature and the solvent is evaporated to afford the desired product. 

EthvI-3-f2,6-dichloro-5-fluoropvridinvlV3-oxo-2-carboxvethvlpropanoate 
Magnesium turnings (0,44 g, 18 mmol) are added to a mixture of ethanol (L5 mL, 26 mmol) and 
carbon tetrachloride (0.15 mL) and diethyl malonate (2.76 mL, 18 mmol) is added over 15 
minutes. The temperature is maintamed at 50^C for 2 hours and then cooled at 0°C. 2,6-dichlon>- 
5-fluoro-3-nicotinoyl chloride (4.3 g. 19 mmol) is progressively added keeping the temperature 
below 5'C. After one hour at room temperature, the mixture is acidified, diluted with water, and 
extracted with toluene. Evaporation of the solvent affords the desired product. 
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mvU3--f2.6-4ichlorQ-5-flu QrQpvridmvlV3-QXQ-propanoate 

Etliyl-3K2,6-dicMoro-5-fluoropyri<Mnyl)-3-oxo-2K:arboxye%^ propanoate (6 g, 17 mmol) is 
mixed with water (30 mL) and p-toluenesulfonic acid monohydrate (0.15 g, 0.8 mmol) and heated 
at 100°C for one hour. After cooling to room temperature the aqueous solution is extracted with 
ethyl acetate and the combined organic layers are dried over Na2S04. The spent dessicant is 
removed by filtration and the filtrate concentrated to give the desired product. 
Ethvl-3-r2,6-dichloro-5>fluoit)pvridinvlV3-Qxo-2-etfa oxvmethvlene-pro 

Ethyl-3-(2.6-dichloro-5-fluoropyridinyl)-3-oxo-propanoate (5 g, 18 mmol) is mixed with triethyl 
orthofomate (4.3 mL, 26 mmol) and acetic anhydride (4.1 raL, 43 mmol) and the mixture is 
heated at reflux for 2 hours. The mixture is flien concentrated under vacuum to afford the desired 
product. 

Ethvl-3-f2.6-dicMoro-5-fluoropvridinvlV3-oxo-2K :vcloproovlaminQmethvlene-^ 
Ethyl-3-<2,6-4icMoro-5-fluoropyridmyl)-3-oxo-2-«thoxyinethylene-prop^ (2.65 g, 8 mmol) 
is dissolved in ethanol (5 mL) and the solution is cooled at O^C. Cyclopropylamine (0.8 mL. 12 
mmol) is added progressively and the mixture is allowed to stir at room temperature for one hour. 
The desired product is obtained after evaporation of the volatiles. 
Ethvl-7-cMorQ-l-cvclopropvl-6-fluoro-4-oxo4,4-dihv drc>-naphthvridinc-3-carboxYlat6 
(Precursor E) 

Ethyl-3K2,6-dicmoro-5-fluoropyridinyl)-3K)xo-2Kiyclopropylaininomethylene-propanoa^^ (1.09 
g, 3 mmol) is dissolved in acetonitrile (15 mL) and potassium carbonate (840 mg, 6 mmol) is 
added. The mixture is heated at reflux for 18 hours and poured mto water. The precipitate is 
filtered and purified by flash chromatography using 2% metimnol in CH2CL2. 
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Precursor Example F 




(Precursor F) 

EthvI-3-f2.3.4.5'-tetrafluoropheDvlV3-oxo-propanoate 

Ethyl hydrogen malonate (26.4 g, 200 mmol) is dissolved in THF (700 mL) and the solution is 
cooled at -BS^'C. /i-BuLi (160 mL, 2.5 M in hexane, 400 mmol) is added dropwise and the 
solution is cooled at -58°C. A solution of 2,3,4,5-tetrafluorobenzoyl chloride (21.1 g, 100 mmol) 
m THF (10 mL) is added and then the reaction is allowed to warm to room temperature. The 
solution is poured in IN HQ and extracted with ether. The extracts are washed with a bicarbonate 
solution, brine and dried over Na2S04. The desired product is purified by flash chromatography 
on silica gel using 15% EtOAc in hexanes. 

Ethvl-3-f23,4.54etrafluorophenvlV3-oxo -^^4^-a"^^""-^-P^thvl-Drop 
propanoate 

Ethyl-3-(2,3,4,5-tetrafluorophenyl)-3-oxo-propanoate (10 g. 38 mmol) is dissolved in a mbcture of 
triethyl orthofonnate (10 mL, 60 mmol) and acetic anhydride (10 mL, 106 mmol) and the solution 
is heated at reflux for 3 hours. After concentration under vacuum, the residue is dissolved in 
CH2CI2 and cooled at 0^ C. 2S-ammopropanol (4.26 g, 55nmiol) is added dropwise and the 
solution is allowed to warai to room temperature. The product is purified by flash 
chromatography on silica gel using 25% EtOAc in hexanes. 
Ethvl>9J0-difluoro-2,3-dihvdro-3S-methvl-7<>xo>-7H-Pvridori. 2.3-de1>14-benzQ 
carboxvlate 

Ethyl-3K2,3,4,5-tetrafluorophenyl)-3K)xo-2-[3-amino-2S-methyl-propanol-3-yl]-me&^^ 
propanoate (9.78 g, 28 mmol) is dissolved in DMF (25 mL) and 60% sodium hydride in oil (1.17 
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g, 29 mmol) is added. After 20 minutes at room temperatuiei the solution is iieated overnight 
The solvent is removed under vacuum and the residue is triturated with hexanes and treated with 
water. The desired product is obtained by filtration. 

9jyOHdifluOTO:2^^ 
acid (Precursor F) 

Ethyl-940-difluoro-23-dihydro-3S-methyl-7-oxo-7H-pyrido[1.23-de]^ 
carboxylate (8.2 g, 27 mmol) is dissolved in THF and 10% aqueous KOH (25 mL) is added. The 
solution is heated at 65*^0 for 2 hours. The THF is evaporated and the pH is adjusted to 3 by 
addition of acetic add. The desired product is obtained by filtratioa 



Precursor Example G 




(Precursor G) 

Phenyl 7y-cvclopropvliminomercaptothiofonnate 

A^-Cyclopropyl isotiiiocyanate (5 g, 50 mmol) and thiophenol (5.2 mL, 51 nunol) are mixed 
together at 0°C. After stirring 30 minutes at 0°C, two drops of triethylamine are added to initiate 
the reaction. The mixture inunediately becomes yellow and slowly solidifies. The white solid is 
broken apart, collected on a filter, and washed wifli hexanes to give tiie desired product 

Phenyl N-cyclopropy liTninnchl orothioformate 
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PhosphOTUS pentacMoride (10.5 g, 50 mmol) is added to phenyl N- 
cyclopn^yUmmomercaptothiofconiate, the flask is equipped with a reflux condenser, and the 
soUd mixture is heated at 65»C under argon. The solids slowly melt to become a yellow solution. 
The mixture is allowed to stir 6 hr at 65»C then is cooled to room temperature. The flask is 
equipped with a distillation apparatus and the desued product is distilled. 

2.3.4J.6-Pentafluorobenzovlacetate 

Ethyl hydrogen malonate (33.69 g, 255 mmol) is dissolved in dry THF (640 voL). The mixture is 
cooled to -TS'C and n-butyllithium (319 mL, 1.6 M in hexanes, 510 mmol) is added at a rapid 
drop rate such that the mtemal temperature remains below -30''C. The cooling bath is then 
removed and the mixture is aUowed to warm to -20''C. The reaction is re-cooled to -78°C and 
2,3,4,5.6-pentafluorobenzoyl chloride (25 g, 108 mmol) is added in dry THF (40 mL) via cannula. 
The yellow solution is allowed to warm to room temperature and stir overnight The reaction 
mixture is poured into a vigorously stirring solution of dilute HCl (125 mL) and allowed to stir 1 
hour, before the layers are separated and the aqueous layer is extracted with ether. The organic 
phase is washed with saturated aqueous sodium bicarbonate solution and brine and dried over 
MgS04. After ccmcentrating, the desired product is distilled under reduced pressure (5 mm Hg). 

Bthvll-cvcloprnnvl-2-phenvUhicv-S.6.7.8-tet r aflnoro-1.4Hiihvdro^-oxoquinolin 
2.3,4,5,6-Pentafluorobenzoylacetate (6.02 g, 21 mmol) is dissolved in dry toluene (100 niL). Dry 
sodium hydride (0.562 g, 23 mmol) is added under argon and the mixture is aUowed to stir 30 
minutes. Phenyl iV-cyclopropyliminochlorothiofOTmate (6.78 g, 32 mmol) is then added in dry 
toluene (15 mL). The resulting mixture is heated at 50''C for 4 hours, then at reflux for 20 hours 
before being cooled to room temperature and diluted with 01^2- The organic layer is washed 
once with water, dried over MgS04, and concentrated to give a dark oil which is purified by flash 
chromatography on silica gel using 15% acetone in hexanes. 

Fthvl l-cvclnprQDvl-2-pheiivlsuHinvl-S.6-7.8-tBtrafluor n-1-4-dihvdro^-oxoquinoline-3- 
carboxvlate 

Ethyl l-cyclopropyl-2-phenylthio-5,6,7,8-tetrafluoro-1.4-dihydro-4-oxoquinoline-3K:arboxyh^ 
(3.38 g, 7.7 mmol) is dissolved in CH2CI2 (100 mL). m-CMoroperbenzCHC acid (1.9 g, 11 mmol) 
is added and the solution is allowed to stir at room temperature overnight The reactira mixture is 
extracted with sodium bicarbonate, dried over MgS04 and concentrated under vacuum. The 
desired product is obtained after purification by flash chromatography on silica gel using 15% 
acetone in hexanes. 
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Sfi.7.8-tetrafluoi^Q-^V<--t"w«Dv l -1-:^A9-tetrahvdmisotM 
(Precursor G) 

Ethyl i^clopropyl-2-phenylsulfmyl-5.6J,8-tetraflu<io-l,4-dihy<ko4-ox^^^ 
caiboxylate (0.225 g. 0.496 mmol) is dissolved in THF (15 mL) and the solution is cooled at 0»C. 
Sodium hydrosulfite (60 mg) dissolved in water (2 mL) is then added followed by a solution of 
sodimn bicarbonate (0.5 g in 10 mL). Tbt solution is stined at 0"C for one hour and 
hydroxylamine-O^sulfonic acid (0.264 g. 2.3 mmol) is added. The solution is aUowed to warm at 
room temperature and after 3 hours is treated with dUute hydrochloric acid. The crude desired 
product is collected by filtration and purified by crystallization ftam ethanol. 



Precursor Example H 
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(Precursor H) 



4>ter^-Butoxv>3-chloro-2.5.6-trifluoropvridine 

3.Chloro-2,4,5,6-tetrafluoropyridiiie (50.0 g, 270 mmol) is dissolved in dry THF (500 mL) and 
cooled to 0**C A solution of Uthium r^r^-butoxide (270 mL, 1.0 M in THF. 270 mmol) is added 
dropwise over 50 minutes and the solution is then allowed to stir an additional 90 min. at 0**C 
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before warming to room temperature. The reaction mixture is pouted into hexanes (1000 mL) and 
filtered through a pad of Celite®. After concentration via rotary evaporation, the liquid purified 
by flash chromatography on silica gel using hexanes to isolate the desired compound. 

4-fgrr-Butoxv-2.5.6-trifluQropvridine 

Sodium acetate (12.75 g) and 10% Pd/C (18.66 g) are added to a solution of 4-r^rr-butoxy-3- 
chloro-2,5,6-trifluoropyridine (31.03 g, 129 mmol) in THF (800 mL) and the mixture is placed 
under hydrogen (1 atm). The mixture is allowed to stir at room temperature for 48 h. The 
catalyst is removed by filtration through a pad of Celite®, which is washed with hexanes. After 
concentration, the residue is purified by flash chromatography on silica gel using 5% Et20 in 
petroleum ether to isolate the desired compound. 

4-rgrr»Butoxv-2.3 .64rifluorO"5 -methvlpvridine 

n-Butyllithium (45.6 mL, 2.5 M m hexanes, 114 ramol) is added via syringe to a solution of dry 
diisopropylamine (14.93 mL. 107 mmol) in anhydrous THF (300 mL) under argon at -78°C and 
the mixture is allowed to stir 20 minutes. A solution of 4-^ert-butoxy-2,5,6-trifluoropyridine 
(15.58 g, 76 mmol) in dry THF (30 roL) is added. Methyl iodide (9.45 mL, 152 mmol) is added 
via syringe and the cooling bath is removed. After stirring 90 minutes, the slurry is poured into a 
saturated aqueous ammonium chloride solution (250 mL) and is extracted twice with hexanes. 
The combined organic layers are washed with water and brine and dried over MgS04. 
Evaporation of the solvent provides the desired compound. 
4-fgr/-Butoxv-2.5"difluQro-6-hvdrazino-3-me thvlpvridme 

Hydrazine monohydrate (16.6 mL. 342 mmol) is added to a solution of 4-/ert-butoxy-2,3,6- 
trifluoro-5-methylpyridine (13.19 g. 60 mmol) in n-propanol (200 mL) and the resulting solution 
is heated at reflux under argon for 16 hours. The mixture is cooled to room temperature and the 
solvent evaporated. The residue is redissolved in CH2CI2, washed with water, and dried over 
MgS04. The desued product is obtained by evaporation of the solvent. 

4-te/t-Butoxv-2.S-difluoro -3-methvlDvridine 

Crude 4-^ert-butoxy-2,5-difluQro-6-hydrazino-3-methylpyridine is dissolved in methanol (150 
mL) and a 20% aqueous sodium hydroxide solution (32 mL) is added. Air is bubbled through the 
reaction mixture as it is stirred for 48 h. The solvent is removed and the residue is redissolved 
CH2CI2. This organic layer is washed once with water and is dried over MgS04 and the solvent 
evaporated. The desired product is purified by flash chromatography on silica gel using 5% BtzO 
in hexanes. 
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2>f4-terr-Butoxy"5"fluoro-3-methvl-2-pYridmvlkvclopropaiieacetom 

Dry diisoporopylamine (12.0 mL, 86 mmol) is dissolved in anhydrous THF (80 mL). The solution 
is cooled at -78'C and n-butyllithium (36.6 mU 2.5 M in hexanes, 92 mmol) is added. After 30 
minutes, cyclopropylacetonitrile (3.6 g, 44 mmol) is added in dry THF (20 mL). 4-^er^butoxy- 
2,5-difluoro-3-methyl-2-pyridine (8.45 g, 42 mmol) in THF (20 mL) is then added. The mixture 
is allowed to stu: 1 hour at -78°C and 1 hour at room temperature before it is poured into a 
saturated aqueous ammonium chloride solution (150 mL) and extracted twice with ether. The 
combiued organic layers are washed with brine, dried over MgS04, and concentrated to give a 
yellow oil. The oil is purified by flash chromatography on silica gel using 20% EtOAc in 
hexanes to give the desu:ed product 

2-f4-Hvdroxv-5>fluoro-3-methvl-2-pvridinvl)cvclopropaneacetonitrile 

2-(4-ter^Butoxy-5-fluoro-3-methy^2-pyTidmyl)cyclopropaneacetonitrile (10.5 g, 40 mmol) is 
dissolved in neat trifluoroacetic acid (100 mL) and stuied 1 hour at room tenq)erature. The 
trifluoroacetic acid is then Tem«)ved under reduced pressure to give the desired product 

2>/4-Chloro-5-f[uoro-3-methvl-2'pvridinvlkvclo prQpaneacetonitri^^ 

Crude ^-(4-Hydroxy-5-fluoro-3-methyl-2-pyridinyl)cyclopropaneacetonitriI^ is dissolved in 
CH2CI2 (150 mL) and anhydrous DMF (30.9 mL, 399 imnol) is added followed by phosphorous 
oxychloride (3.7 mL, 40 mmol). This mixture is stirred for 48 hours at room temperature, then 
poured into cold water (150 mL) and extracted with CH2CI2. The pH of the aqueous layer is 
raised to 7 with 1 U NaOH. The aqueous layer is extracted twice more with CH2CI2 and the 
combmed organic layers are washed once with water, dried over MgS04, and concentrated. The 
desired product is purified by flash chromatography on silica gel using 20% EtOAc m hexanes. 
Ethvl 2-(4-chloro-5-fluoro-3-methvl-2"pvridinvncv clQpronaneacetate 

Hydrogen chloride gas is bubbled through a solution of 2-(4-chloro-5-fluoro-3-methyl-2- 
pyridmyl)cyclopropaneacetonitrile (2.91 g, 13 nunol) in ethanol (9 mL) until the weight mcreases 
by 3.56 g and then the mixture is heated to boiling. Water (0.32 mL) is added and the mixture is 
allowed to heat at reflux for 2 hours before cooling it to room temperature and adding more 
water. The pH is adjusted to 7 with solid sodium bicarbonate and it is extracted with CH2CI2. 
The combined organic layers are washed with water, dried over MgS04, and concentrated to give 
a yellow liquid which is purified by flash chromatography on silica gel using 20% EtOAc in 
hexanes to give the desired product. 

2--(4-Chloro-5-fluoro-3-methvl-2-pvridinvDcvclQpropaneethanol 
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Ethyl 2-(4K:Woro-5-fluQrQ-3-methyl-2-pyridmyl)cyclopropanw^ (1.31 g, 4.8 mmol) is 
dissolved in dry THF (10 mL). Lithium aluminiim hydride (91.8 mg, 24 mmol) is added to this 
solution and it is stirred for 1 hour at room temperature. The reaction mixture is quenched with a 
saturated aqueous solution of sodium potassium tartrate (25 mL) and extracted with ether. The 
combmed organic layers are dried with MgS04 and concentrated to give the desired product. 

2-r4-Chloro-5-fluoro-3-inethvl-2-pvridinvncvclo prQpaneacetaldehvde 

2K4'^hloro-5-fluoro-3-methyl-2"pyridinyl)cyclopropaneethanol is dissolved m 01202 (5 mL) 
and added to a solution of oxalyl chloride (0.51 mL, 5.8 mmol) and dry DMSO (0.82 mL, 11.6 
mmol) m CH2CI2 (12 mL) at -78**C. After stirring 15 minutes, triethylamine (3.31 mL, 23.7 
mmol) is added and the mixture stirred another 5 mmutes at -78°C and 10 minutes at 0*^0. The 
reaction mixture is then quenched with water and extracted with 031202. The combined organic 
layers are washed with water, dried over MgS04, and concentrated to give the desked product 

Diethyl r(4-ChIoro-5-fluoro-3-methvl-2-pvridinvncvclopropanemethvhne thvlenel-malonate 
Piperidine (1.14 mL), acetic acid (1.14 mL) and diethyl malonate (3.80 mL, 25 mmol) are added 
to a solution of 2-(4-ailoro«5-fluoro-3-methyl-2-pyridinyl)cyclopropaneacetaldehyde in ethanol 
(40 mL) and the reaction mixture is heated at reflux under argon for 4 h. The solvents are 
removed and the residue is dissolved in ethra:. The ether layer is washed with water and brine, 
dried over MgS04 and concentrated. The desued product is purified by flash chromatography on 
silica gel using EtOAc/hexanes. 

Ethvl 8-chloro-l-cvclopropvl-7-fluorQ-9-methvl-4-QXQ-4H-Quinolizine-3-< :arboxvlate (Precursor 
H) 

A solution of diethyl [(4-Chloro-5-fluoro-3-methyl-2-pyridinyl)cyciopropanemethyl- 
methylene]malonate (539.1 mg, 1.5 mmol) in diphenyl ether (25 mL) is heated at 220^*0 for 45 
minutes, then cooled to room temperature. The desned product is purified by flach 
chromatography on silica gel using hexane then ethyl acetate as solvents. 

Precursor Example I 



/ 
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(Precursor I) 



1,4.6-Trifluoropvridine 

Sodium acetate (12.75 g) and 10 % Pd/C (18,66 g) are added to a solution of 3.5-dichloro-2,4,6- 
trifluoropyridine (26 g, 129 mmol) in THF (800 mL) and the mixture is placed under hydrogen (1 
atm). The mixture is stirred at room temperature for 48 hours. The catalyst is removed by 
filtration through a pad of Celite®, which is washed with hexanes. After concentration, the liquid 
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purified by flash chromatography on sUica gel using 5% ete in hexanes to isolate the desired 
cotapoaod. 

3- Nitro-2.4.6-Trifluoropyridine 

2,4,6-Trifluoropyridine (16.6 g, 125 nimol) is added to a mixture of 35 ml of fuming nitric acid 
and 45 ml of sulfioic acid at O'C. The suspaision is then stirred at room temperature for 30 
minutes and poured onto ice. Filtration affords the desired product 

4- ferf-Butoxv-2.6-difluoro-3-nitro-pvridine 

3- Nitro-2,4,6-trifluoropyridine (19.6 g. 110 mmol) is dissolved in dry THF (250 mL) and cooled 
at O'C. A solution of Uthium tert-butoxide (135 mUl.O M in THF, 110 mmol) is added dropwise 
over 50 minutes and the solution is tiien stined an additional 90 min. at O'C before warming to 
room temperature. The reaction mixture is poured into hexanes (500 mL) and filtered through a 
pad of CeUte®. After concentration via rotary evaporation, die Uquid is purified by flash 
chromatography on silica gel using 5% etiier in hexanes to isolate die desired conqwund. 

4- terf-Butoxv-2.6-difluoro-3-ftrimetb ylstannvn-S-mtro-ovTidine 

To a solution of (tert-butyldimethylsislyl)-fert-butylamine (23 mL, 95.9 mmol) in THF (120 mL) 
at -78-0 under argon is added n-butyllithium (61.3 mL, 1.5 M in hexane, 91.9 mmol), and flie 
solution is allowed to warm to O'C to provide a solution of LiBSBA. In a separate flask, a 
solution of 4-tert-butoxy-2,4-difluoro-3-nitro-pyridine (17.63 g, 75.9 mmol) in THF (275 mL) is 
cooled to -78*'C under argon and MejSnQ (45.7 mL, 2.5 M in THF, 114.3 mmol) is added. The 
LiBSBA solution is tiien added dropwise while maintaining an mtemal ten^erature below -74"'C 
The resulting mixture is stirred for 30 min at -78''C and flien is poured into a saturated aqueous 
ammonium chloride solution (300 mL). The aqueous solution is extracted witii hexanes (3 x) and 
tiie combined organic layers are washed with water and brine, dried over MgSO^. and 
concentrated. Purification by flash chromatography using EtOAcAiexanes gives die desued 
product 

4-fert-Butoxv-2.6-difluoro-3-methv) -5-mtro-pvridine 

Tris(dibenzyUdeneacetone)dipalladium (21.1 g, 23.1 mmol), tri-o-tolylphosphine (28.1 g, 91.7 
mmol), cuprous chloride (4.55 g, 45.5 mmol), and potassium carbonate (6.35 g, 45.5 mmol) are 
placed under argon. After addition of DMF (1600 mL), die mixture is stined for 5 min at room 
ten5)erature followed by successive additions of solutions of 4-fert-butoxy-2,6-difluoro-3- 
(trimetiiylstannyl)-5-nitro-pyridine (17.99 g, 45.5 mmol) in DMF (1200 mL) and methyl iodide in 
DMF (228 mL, 0.2 M, 45.5 mmol). The resulting mixtore is stirred under argon at 50"C fox 90 
minutes. After cooling to room temperature, tiie reaction mixture is filtered and concentrated 
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under reduced pressure by azeotropic removal of DMF with toluene. The residue is purified by 
flash chromatography on silica gel usmg 2:1, 1:1, and 2:3 mixtures of hexane and ROAc as 
eluents to give the desired product. ' 

4-teit-Butoxv- 2-fLuQrQ-6-hvdrazino-3-methvI->5>nitro-Pvridine 

Hydrazine monohydrate (8 mL, 165 mmol) is added to a solution of 4-rer^-butoxy-2,6-difluoro-3- 
methyl-5-nitro-pyridine (8.1 g, 32.8 mmol) in n-propanol (115 mL) and the resulting solution is 
heated at reflux under argon for 16 h. The mixture is cooled to room tenqjerature and the solvent 
evaporated. The residue is redissolved in CH2CI2, washed with water, and dried over MgS04. 
The desired product is obtained by evaporation of the solvent. 
4-feyt-Butoxv-2-fluoro-3-methvl-5"mtro-pYridine 

Crude 4-rg/t-butoxy-2-fluoro-6-hydrazino-3-methyl-5-nitro-pyridine is dissolved in methanol (85 
raL) and a 20% aqueous sodium hydroxide solution (18 mL) is added. The reaction mixture is 
stirred for 48 h while air is bubbled through the mixture. The solvent is removed, the residue is 
redissolved in CH2CI2 and the solution is washed once with water and is dried over MgS04. The 
spent dessicant is removed by filtration, the solvent removed, and the residue purified by 
chromatography on silica gel using 5% ether in hexanes. 

2-r4"ferr-Butoxv-5-nitro-3-methvl"2-pvridinvDcvclopropaneacetonitrile 

Dry diisopropylamine (7.0 mL, 50 mmol) is dissolved in anhydrous THF (45 mL). The solution is 
cooled to -78°C and n-butyllithium (20.8 mL, 2.5 M in hexanes, 52 mmol) is added. After 30 
minutes, cyclopropylacetonitrile (2.05 g, 25.2 mmol) is added in dry THF (10 raL). 4-tert- 
Butoxy-2-fluoro-3-methyl-5-nitro-pyridine (5.75 g, 25.2 mmol) in THF (10 raL) is then added. 
The mixture is stirred 1 hour at -78°C and 1 hour at room temperature and then is poured mto a 
saturated aqueous ammonium chloride solution (85 mL) and extracted twice with ether. The 
combined organic layers are washed with brine, dried over MgS04, and concentrated to give a 
yellow oil. The oil is purified by flash chromatography on silica gel using 20% ethyl acetate in 
hexanes to give the desired product. 

2-(4-Hvdroxv-5"DitrO"3-methvl-2-pvridinvncvclopropaneacetonitrile 

2-(4-/erf-butoxy-5-nitro-3-methyl-2-pyridinyl)cyclopropaneacetomtrile (6.0 g. 20.7 mmol) is 
dissolved in neat trifluoroacetic acid (60 raL) and the mixture is stirred 1 hour at room 
temperature. The trifluoroacetic acid is then removed by rotary evaporation to give the desured 
product. 

2-f4-Chloro-5-nitro-3-methvl-2-py ririin y1)GyclQpropaneacetonitrile 
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Crude 2K4-hydroxy-5-mtro-3-inethyl-2-pyridmyl)cyclopropane^ is dissolved in CH2CI2 

(85 mL) and anhydrous DMF (17.6 mL. 227 mmol) is added followed by phosphorous 
oxychloride (2.1 mL, 22,5 nunol). This mixture is stirred for 48 hours at room temperature, then 
poured mto cold water (85 mL) and extracted with CH2CI2. The pH of the aqueous layer is raised 
to 7 with 1 H NaOH. The aqueous layer is extracted twice more with CH2a2 and the combmed 
organic layers are washed once with water, dried over MgS04, and concentrated The desired 
product is purified by flash chromatography using 20% ethyl acetate in hexanes. 
Ethvl2-f4-<;hloro-SHaitro-3.-methvl-2-pvridinvl)cvc lQpropaneacetate 

Hydrogen chloride gas (2.02 g, 55 mmol) is bubbled through a solution of 2-(4-chloro-5-nitro-3- 
methyl-2-pyridinyl)cyclopropaneacetonitrile (1.85 g, 7.4 mmol) in ethanol (5 mL) and the 
resulting mixture is heated to boiling. Water (0.18 mL) is added and heatmg is continued at 
reflux for 2 h before cooling the mixture to room tenq)erature and addmg water. The pH is 
adjusted to 7 with solid sodium bicarbonate and the aqueous solution is extracted with CH2CI2. 
The combined organic layers are washed with water, dried over MgSO^, and concentrated to give 
a yellow liquid which is purified by flash chromatography on silica gel usmg 20% ethyl acetate m 
hexanes to give the desired product. 

2-r4-^hloro-5-nitro-3-methvl-2-Dvridinvncvclop ropaneethanol 

Ethyl 2<4<Maro-5-nitro-3-methyl-2-pyridmyl)cyclopropaneacetate (0.82 g, 2.7 mmol) is 
dissolved m dry THF (6 mL). Lithium aluminum hydride (52.2 mg, 1.4 mmol) is added to this 
solution and the mixture is stirred 1 hour at room temperature. The reaction mixture is quenched 
wifli a saturated aqueous solution of sodium potassium tartrate (15 mL) and flie aqueous solution 
is extracted willi ether. The combined OTganic layers are dried with MgS04 and concentrated to 
give the desired product as an oil. 

2-(4-Chloro-5-nitr6-3'methvl-2-pvridinvDcvclop rnpaneacetaldehvde 

2-(4-Chloro-5-mtro-3-metiiyl-2-pyridinyl)cyclopropaneethanol (0.66 g, 2.6 mmol) is dissolved in 
CH2CI2 (3 mL) and added to a solution of oxalyl chloride (0.29 mL, 3.3 mmol) and dry DMSO 
(0.47 mL. 6.6 mmol) in CH2CI2 (7 mL) at -78°C. After stirring 15 minutes, trietiiylamine (1.88 
mL, 13.5 mmol) is added and the mbtture stirred another 5 minutes at -78**C and 10 minutes at 
0**C. The reaction is then quenched with water and extracted with CH2CI2. The combined 
organic layers are washed with water, dried over MgS04, and concentrated to give die desired 

product. 
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Diethyl rf4-CMoro-S-mtro-3-methvl-2"pvridinvl^^ 

Piperidine (0.65 mL), acetic acid (0.65 mL) and diethyl malonate (2.16 mL, 14.2 mmol) are added 
to a solution of 2K4-Chloro-5-mtro-3-methyl-2-pyridinyl)cyclopropaneace^^ (0.65 g, 2.5 
mmol) in ethanol (25 mL) and the reaction nuxture is heated at reflux under argon for 4 hours. 
The solvents are removed and the residue is dissolved in ether. The ether layer is washed with 
water and brine, dried over MgS04 and concentrated. The desired product is purified by flash 
chromatography on silica gel using 20% ethyl acetate in hexanes. 

Ethyl 8-chloro4-cvclonropvl-7-nitro-9-methvl-4-oxo-4H-Quinolizine-3'< :arboxvto^^ (Precursor 

D 

A solution of diethyl [(4-chloro-5-nitro-3-niethyl-2-pyridinyl)cyclopropaneniethyl- 
methylenelmalonate (0.33 g. 0.832 mmol) in diphenyl ether (15 mL) is heated at 220^C for 45 
minutes, then is cooled to room temperature. The desired product is purified by flash 
chromatography on silica gel using a hexane/ethyl acetate gradient. 



Precursor Example J 




(Precursor J) 



3-ChIorQ-4.5-difluoroanthranilic acid 

To a solution of 4,5-difluroroanthranilic acid (12.25 g, 71 mmol) in CH2CL2 (125 mL) is added 
acetic acid (50 mL) and hypochlorous acid tertAmtyl ester (8.75 mL, 78 mmol). After 2 hours, 
the reaction mixture is diluted with EtOAc and washed with water and brine. The organic layer is 
dried over MgS04, filtered, and concentrated. The resulting residue is purified by flash 
chromatography usmg 5% isopropyl alcohol- 1% formic acid-94% CH.2O2 to give the desired 
product. 
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2- BrQmo-3-cMQrQ^.5-difluorobenzoic acid 

A solution of cuprous bromide (19,12 g, 85.9 nmiol) in acetonitrile (175 mL) is cooled at O^C and 
then fert-butyl nitrite (12.8 mL, 107.3 mmol) and 3-«hloro-4,5-<iifluoranthranilic acid (14.75 g, 71 
mmol) are added. The mixture is slowly warmed to room temperature, and after 20 hours, the 
solvent is removed under vacuum. The resulting residue is dissolved in ethyl acetate and washed 
with 1.0 M hydrochloric acid, water, and brine. The organic layer is dried over MgS04 and 
filtered. The filtrate is concentrated under vacuum and purified by flash chromatography using 
5% isopropyl alcohol- 1% formic acid-94% CH2CI2 to give the desired product 

3- Chloro-cvclopropvlamino-4,S-difluorobenzoic acid 

hi a sealed tube, a mixture of 2-bromo-3-chloro-4,5difluoioben2oic acid (7.96 g, 29.3 nomol), 
cyclopropyl amine (4.20 mL, 58.7 nomol), potassium acetate (5.77 g, 58.6 mmol). cupric acetate 
monohydrate (0.50 g, 2.5 nunol). and triethylamine (4.9 niL, 35.19 nunol) in isopropyl alcohol is 
stirred at SO'^C After 16 hours, the reaction mixture is concentrated under vacuum, and the 
resulting residue is dissolved in EtOAc. The organic layer is washed with 1.0 M hydrochloric 
acid, water, and brine. The organic layer is dried over MgS04 and filtered. The filtrate is 
concentrated under vacuum and purified by flash chromatography using 5% isopropyl alcohol- 
1% formic acid-94% 03^02 to give the desired product 

f3-CMoro-2-cvcloDropv1flminn-4^.S-difluQrobenzovlVhvdrazij iftnarhoxylic acid tert-butvl ester 
To a solution of 3-chloro-2-cyclopropylamino-4.5-difluorobenzoic acid (4.18 g, 16.9 mmol) in 
CH2a2 (60 mL) is added teit-butyl carbazate (3.34 g, 25.4 mmol) and l-ethyl-3-(3- 
dunethylammopropyl)-caibodiimide (2.43 g, 25.4 mmol). After 16 hours, the reaction mixture is 
diluted with CH2CI2 and washed with saturated NaHCOa, water, and brine. The organic layer is 
dried over MgS04 and filtered. The filtrate is concentrated under vacuum and purified by flash 
chromatography using 33% EtOAc in hexanes to give the desired product 
842Moro>lKsyclopropvl-6.7-difluoro-2.4-dioxo-L4-dihvdro-2H-Q uina2ol^^ 
tert-butvl ester fPresursor J) 

To a solution of (3K;hloro-2-cyclopropylanimo-4,5-difluorobenzoyl)hydrazinecaiboxylic acid tert- 
butyl ester (3.86 g, 10.7 mmol) in THF (100 mL) is added potassium carbonate (7.38 g, 53.4 
mmol) and triphosgene (4.12 g, 13.9 mmol). The reaction mixture is heated at reflux for 90 
minutes, cooled to room temperature, and diluted with EtOAc. The organic layer is washed with 
water and brine, then dried over MgS04 and filtered. The filtrate is concentrated under vacuum 
and purified by flash chromatography using 33% EtOAc in hexanes to give the desired product 
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Precursor Example K 




A.S-Diflnoro- 2-tiitrobenzoic acid ethvl ester 

4.5-Diflooro-2-iiitrobenzoic acid (1.93 g, 9.5 mmol) in CKzCk (30 mL) is cooled to O'C under an 
argon atmosphere and treated with oxalyl chloride (1.0 mL. 11.5 mmol) followed by anhydrous 
DMF(2drops). The mixture is wanMd to room temperature and stirred for 2 hours. The 
solution is co-evaporated with toluene to yield an oU that is taken up in CHzCh (30 ml), cooled to 
0°C under argon, and treated with anhydrous ethanol (6 mL). After 5 hours at room temperature, 
the solution is poured into saturated NaHCOa and extracted with chloroform. The organic phase 
is washed with brine, dried over Na2S04, filtered, and concentrated under vacuum to give the 
desired product. 

4.5-Difluoro-3-ftrimethv1stannvlV2-mtrobenzoic a cid ethvl ester 

To a solution of (fert-butyldimetiiylsUyl)-tert-butylamine (2.88 mL, 12 mmol) m THF (15 mL) at 
-78°C under argon is added n-butyllitiiium (7.67 mL, 1.5 M hi hexane, 11.5 mmol), and the 
solution is allowed to warm to 0°C to provide a solution of LiBSBA. Jn a separate flask, a 
solution of 4.5-difluoro-2-nitrobenzoic acid efliyl ester (2.20 g, 9.5 mmol) in THF (35 mL) is 
cooled to -78°C under argon and MeaSnQ (5.7 mL, 2.5 M in THF. 14.3 mmol) is added. The 
LiBSBA solution is then added dropwise while maintai nin g an internal tenq)erature below -74''C. 
The resulting mixture is stirred for 30 min at -78'C and then is partitioned between 1 M HCI and 
EtzO. The aqueous phase is separated and extracted witii eflier. The combmed organic phases are 
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washed with 1 M HCl (3x) and brine, dried over MgSO^, and concentrated. Purification by flash 
chroniatography on silica gel using 10% acetone in hexane gives the desired product 

4.S-Difluoro-3-methvl-2-nitrobenzoic acid ethyl ester 

Tris(dibenzylideneacetone)dipalladium (3.29 g, 3.6 mmol), tri-o-tolylphosphine (4.38 g, 14,3 
mmol), cuprous chloride (0.71 g, 7.1 mmol), and potassium carbonate (0.99 g, 7.1 mmol) are 
placed under argon. After addition of DMF (250 mL), the mixture is stirred for 5 min at room 
tenq)erature followed by successive additions of solutions of 4,5-difluoro-3-(trimethylstannyl)-2- 
nitrobenzoic acid ethyl ester (2.81 g, 7.1 mmol) in DMF (200 mL) and methyl iodide in DMF 
(35.6 mL, 0.2 M. 7. 1 mmol). The resulting mixture is stirred under argon at 50°C for 90 minutes. 
After cooling to room temperature, tl^e reaction mixture is filtered and concentrated under 
reduced pressure by azeotropic removal of DMF with toluene. The residue is purified by flash 
chromatography on silica gel using 2:1, 1:1, and 2:3 mixtures of hexane and EtOAc as eluents to 
give the desired product. 

2>Amino-4.5-difluoro-3-methvl-benzoic acid ethvl ester 

4,5-Difluoro-3-methyl-2-nitrobenzoic acid ethyl ester (1.26 g, 5.1 mmol) is combined with ethanol 
(20 mL) and 10% Pd/C catalyst (0.13 g) and the mbcture is shaken under hydrogen (40 psi) for 6 
hours at room temperature. The catalyst is removed by filtration through Celite and the solvent is 
evaporated to give the desired product 

2-CvclopropYlaminfv4.5-difluoro-3"methvlbenzoic acid ethvl ester 

To a solution of 2-amino-4,5-difluoro-3-methyl-benzoic acid ethyl ester (1.1 g, 5.1 mmol) in 
anhydrous ethanol is added molecular sieves (3 A), acetic acid (3 mL), and [(1- 
ethoxycyclopropyl)oxy]trimethylsilane (4.1 mL, 20.4 mmol). After 30 minutes, sodium 
cyanoborohydride (1.63 g, 25.9 mmol) is added, and the reaction mixture is heated at reflux. 
After 16 hours, the reaction mixture is cooled to room temperature and filtered, the filter cate is 
washed with ethanol, and the combined filtrate is concentrated under vacuum to afford a viscous 
oil. The oil is dissolved in ethyl acetate and the solution is washed with 1 M HQ, water, and 
brme. The organic layer is dried over MgS04, filtered, and the filtrate is concentrated under 
vacuum to give the desured product as a beige solid. 

l-Cyclopropvl-6.7-difluoro-8-methvl'lH-quina2oline-2.4-dione 

To a solution of 2-cyclopropylainino-4,5-difluoro-3--methylbenzoic acid ethyl ester (1.24 g, 4.9 
mmol) in dry CH2CI2 (25 mL) under argon is added chlorosulfonylisocyanate (0.69 g, 4.9 mmol). 
The solution is left at room temperature for 4 hours and then the solvent is removed under 
reduced pressure. The residue is cooled at -20°C and a cold brine solution (25 mL) buffered wifli 
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NaHCOs is added. The solution is wanned to room temperature for 1 hour. The volunoe is 
reduced by half with a stream of nitrogen, and the solid is collected by filtration. The dry solid is 
added to a solution of triethylamine (1.13 mL, 8.1 mmol) in THF (50 niL) and the mixture is 
heated at reflux overnight The reaction mixture is cooled, flie solvent is removed under reduced 
pressure, and tiie residue is dissolved in water (22.5 mL) which is tiien acidified to pH 1-2 with 1 
MHO. The resulting precipitate is collected by filtration. 

'^-ATTimQ-l-^vclopropvl-6.7-difluoro-8-methvl-lH-q mnazoline-2.4^^ (Presursor K) 
To a solution of l<yclopropyl-6,7-difluoro-8-mefliyl4H-Kiuinazoline-2.4-dione (0.467 g, 1.85 
mmol) in dioxane (1.5 mL) and DMF (1.5 mL) is added NaH (60% dispersion m oil, 89 mg, 2.2 
mmol). The solution is heated at 60**C for 10 minutes and cooled to room temperature. To the 
cooled solution is added 0-(2,4-dinitrophenyl)hydroxylamine (0.368 g, 1.85 mmol), and tiie 
solution is heated at 80°C for 30 minutes. The resulting red solution is cooled to room 
temperature, poured over crushed ice. and tiie mixture is extracted with EtOAc. The combmed 
organic layers are dried over MgS04. filtered, and the solvent removed under reduced pressure. 
The resulting solid is triturated wifli BtzO and air dried to give ttie desired product 

b. Precursor Preparation - 7-Position Moietv : 

yrccursor Example L 
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W— Boo HN-^oc 

(Precursor L) 

3fTlWterf"butoxvcarbonvl^2.2-4imetfivl-4-oxazQUdiDecarbQ xald^ 

A solution of methyl 3(RHferx-butoxycarbonyl>2,2Hlii3aethyl-4K)xa^^ (6.5 g, 

25.0 mmol) is dissolved in toluene (40 mL) and cooled to -78*'C. To it a solution of 
diisobutylaluminum hydride CTDIBAL") (33.2 mL, 1 M. 33.2 mmol) is added dropwise to 
mamtain tfie internal temperature under -60^C. After the addition, the resulting solution is stirred 
at -78*C for 30 min.. and then slowly wanned to 0**C in 2 hrs. The mixture is quenched by 
addition of water. The organic layer is separated and the aqueous layer is extracted once with 
etiiyl acetate. The combined extracts are dried over anhydrous MgS04 and evaporated. The 
residue is purified by flash chromatography using ethyl acetate-hexanes. 
3(TlUrgrr-butoxvcarbonvn2.2-dimethvM-a-hvdro xv-propvn--oxazolidine 
To a solution of 3(R)-(rerr-butoxycarbonyl)2,2-dimetiiyl'4K)xazolidmw (5.04 g, 

22.0 mmol) in THF (26 mL) is added a solution of EtMgBr (26.4 mL, 1 M in THF) dropwise at - 
78°C. After flie addition, tiie resulting solution is allowed to warm to 0°C m L5 hr and water is 
added to quench die reaction. The mixture is partitioned between brine and EtOAc and the 
aqueous layer is extracted further witii EtOAc (2 x). Tte combined extracts are dried over 
MgS04 and evaporated under reduced pressure. The crude product is purified by flash 
chromatography with EtOAc-Hexanes to give tiie desired product. 
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3fRWterf-butoxvcarbonvn2.2KlimethvM41-oxo-p rQpvn^xa2olidm^ 

A solution of oxalyl chloride (2.08 mL, 23.8 mmol) in CH2CI2 (70 mL) is cooled in a diy 
ice/acetone bath and dimethyl sulfoxide (3.53 mL, 49.7 mmol) is added to it dropwise. After 
stirring at that tein>erature for 5 min, a solution of 3(R)-(^5rr-butoxycarbonyl)2^-dimeaiyl-4-(l- 
hydroxy-propyO-oxazolidine (5.15 g 19.9 mmol) in CH2CI2 is added at such a rate diat the 
internal temperature stays under -65°C. The resulting mixture is stirred at -78'*C for 30 min, and 
triethylamine (13.8mL, 99 mmol) is added in one portion. Stirring is continued for additional 5 
min The cold bath is removed and the reaction temperature is allowed to rise to room 
temperature over 30 min. Water is added to quench the reaction. The organic layer is separated 
and the aqueous layer is extracted witii CH2CI2 (2 x). The combined extracts are washed witii 
brine and dried over MgS04 and evaporated under reduced pressure. The residue is purified by 
flash chromatography on silica usmg EtOAc-Hexanes. 
3fSWteyt-butQxvcarbonvn2.2-dimethvl-4- n-buten-2vnK)xazoUdine 

To a suspension of (CH3)PPh3Br (8.59 g. 24 mmol) in anhydrous THF (40 mL) is added t-BuOK 
(2.7 g, 24 mmol) in one portion at room tenqperature. After stirring for 10 min, the yellow 
mixture is treated witti a solution of 3(R)-(tert-butoxycarbonyl)2,2-dimethyW-(l-oxo-propyl)- 
oxazolidine (4.12 g, 16.0 mmol) m THF. The mixture is stirred for an additional 10 mm. and is 
dien partitioned between brine and EtOAc. The organic layer is separated and the aqueous layer 
is extracted mih EtOAc (2 x). The combmed extracts are dried over MgS04 and evaporated 
under reduced pressure. The residue is treated with etiier and tiie white solid which forms is 
removed by filtration. The filtrate is evaporated and tiie residue is purified by flash 
chromatography on silica gel usmg EtOAc-Hexanes. 
2fSVteyt-butoxvcarboiiYlflniiTio-3-methvlene-pentanol 

A solution of 3(S)<ferr-butoxycarbonyl)2,2-dimethyl-4Kl-buten-2yl)-oxazolidme (3.25 g, 12.7 
nmiol) and p-TsOH-HfeO (0.484 g, 2.5 mmol) m MeOH (100 mL) is heated at 50-60°C for 18 hr. 
After cooling, the solvent is evaporated to 1/3 of its volume and diluted wifli EtOAc. The 
mixture is washed witii saturated NaHCOs solution. The organic layer is separated and die 
aqueous layer is extracted wifli EtOAc (2 x). The combmed extracts are dried over anhydrous 
MgS04 and evaporated. The residue is purified by flash chromatography on silica gel witii 
EtOAc-Hexanes. 

2 fSVteyt-butoxvcarbony1^Tninn--^-iTTetiivlene-l-f4-toluenesulf Q^ 

A solution of 2(S)-teit-butoxycarbonylamino-3-metiiylene-pentanol (1.38 g. 6.4 mmol), p- 
toluenesulfonyl chloride (1.46 g, 7.7 mmol) and trietiiylamme (1.07 mL, 7.7 mmol) in CH2CI2 
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(20mL) is heated at reflux for 3 hours. After cooling, the solution is washed with a saturated 
solution of sodium bicarbonate, 1% aqueous HQ, and water and the organic phase dried over 
anhydrous MgS04 and evaporated. The residue is purified by flash chromatography on silica gel 
usmg EtOAc-hexanes. 

2(SVrgr/>buto ^Y^«rhnn YlfliTiiTin-3-methvlene-N-f2-m ethvl-2-propen^^ 

A solution of 2-/c/t-butoxycarbonylammo-3-methylene-H44oluenesulfonylyl^^^ (1.95 
g, 5.3 mmol) and methallylamme (2.34 mL, 26.4 mmol) was heated at 45" C for 4 hrs. The 
excess reagent was distilled in vacuum. The residue was purified by flash chromatography on 
silica gel usmg CH2Cl2-MeOH. 

2(SVrgrr-butoxvcarbQnvlamino-3-methvlene-N-r2-m ethvl-2-propftnvn-N-trifl^^^ 
pentvlamine 

A solution of 2(S)-r€rt-butoxycarbonylammo-3-methylene-NK2-methyl-2-propenyl)-pentyla^^ 
(1.27 g, 4.7 mmol). trifluoroacetic anhydride (0.74 mL, 5.2 mmol) and EtsN (0.79 mL, 5.7 mmol) 
is stirred at <10°C for 30 min. under argon. The mixture is washed with saturated NaHCOa, 
dried over anhydrous MgS04 and evaporated. The residue is purified by flash chromatography 
on silica gel using EtOAc-hexanes. 

1.2,3.6-tetrahvdrDr3fSVrgr^-butoxvcarbonvlamino-4-ethvl-5-meth vl-l-trifluoroa 

2(S)-tert-butoxycarbonylainmo-3-methylene-N-<2-methyl-2-propenyl)-N-M^ 

pentylamine (1.46 g, 4.0 mmol) and Grubb's catalyst (benzyUdene- 

bis(tricyclohexylphosphine)dichlororuthenium, 0.329 g, 0.4 mmol) are dissolved in CttiGz (150 

mL) and the solution is heated at reflux under argon for 20 hrs. The solvent is evaporated and the 

residue is purified by flash chromatography on silica gel using EtOAc-hexanes. 

3fSVterf-buto vY^at^TiYlam inn-4mWthvl-5rSVmethvl-l->trifl^ 

A mixture of l,2,3.6-tetrahydro-3-rcr?-butoxycarbonyIamino-4-ethyl-5-methyl-l-trifluoroa 
pyridine (1.08 g. 3.2 mmol) and Pt02 (0.062 g) in EtOH (60 mL) is treated with H2 (1 atm ) for 48 
hr. The catalyst is removed by filtration and the filtrate is evaporated. The crude product is 
purified by flash chromatography using 10-20% EtOAc-hexanes. 

3fSVterr-buto vY^^i->^""Y^""^^^ Q-4(RVethvl-5fSVmeth vl-piperi^^ (Precursor L) 
A mixture of 3(S)-rm-butoxycarbonylamino-4(R)-ethyl-5(S)-methyl-l-trifluoroacetyl^^^^ 
(1.05 g, 3.1 mmol) and K2CO3 (1.8 g. 13 mmol) m MeOH (40 mL) and H2O (10 mL) is heated at 
reflux for 30 min. The solid is removed by filtration and the filtrate is concentrated. The residue 
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is partitioned between HzO and CHaClj. The otganic layer is separated and tiicaqueous layer is 
extracted with CH2CI2. The combined extracts are dried over anhydrous MgS04 and evaporated. 



2f SVAmino-^iftiitanedioic q yf H A\rjttihv\ ester hvdrochloride 

A suspension of L-glutamic acid (18.0 g, 122 mmol) in methanol (120 mL) is cooled in a ice 
bath. The mixture is treated dropwise with thicmyl choMde (12.45 mL, 171 mmol) and the 
mixture is aUowed to stir at room tranperature for 18 hours. The reaction is concwitrated. toluene 
is added to the residue, and the volatiles are removed by evaporation. This process is repeated 
twice more to give the desired product. 

2fSWert-BBtoxvcarbonYla"''"»-pentanedioic aci H dimethyl ester 

A solution of 2(S)-amino-pentane<Uoic acid dimethyl ester hydrocHoride (24.3 g, 115 mmol) m 
methanol (150 mL) is treated with triethylamine (31.5 mL, 226 mmol). SoUd di-tert-butyl 
dicarbonate (33 g, 151 mmol) is added. After 18 hours the solvrait is removed and the residue is 
dissolved m CH^i. The solution is washed twice with IN HO, once with brine and dried over 
Na2S04. The spent dessicant is removed and Uie solvent is evaporated to give flie desired 
product 

2fSVterf-ButoxvcarbonYlamiTin-4fSViiiethvl-Dep tanedioic aciA diniethvl ester 

A solution of Ufliium hexametiiyldisilylazide (152.6 mL. IM in THF, 152.6 mmol) is cooled 

under argon in a dry ice/acetone bath. A solution of 2(S)-tert-butoxycarbonylamino-pentanedioic 



Precursor iftramplc M 



NH2 



HO NHa 





(Precursor Mi 
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acid dimethyl ester (20 g, 72.6 mol) in THF (200 mL) is added via cannula, maintaining the 
temperature below -60 °C. After 30 minutes at -TS^'C methyl iodide (9 mL, 145 mmol) is added 
as rapidly as possible via cannula. The reaction mixture is stirred -TS^C for 4.5 hour and then 
quenched with 1 N HCl (190 mL). The aqueous layer is extracted with EtOAc (3 x 350 mL). 
The combmed extracts are washed with saturated NaHCOa and brine, dried over Na2S04, and 
concentrated to give a yellow oil which is purified by flash chromatography usmg 20 % 
EtOAc/hexanes. 

(4^Hvdroxv-USVhvdroxvmetfavl-3fSVmethvl-butvn -rf rhainic acid teit-butvl ester 
A solution of 2(S)-rert-butoxycarbonylamino-4(S)-methyl-pentanedioic acid dimethyl ester 
(10.85 g, 37.5 mmol) in 1:1 BtOH/THF (250 mL) is treated with CaCh (16.65 g. 150 mmol) and 
the resulting slurry is cooled under argon in an ice bath. To this mixture is added NaBHi (1 1.35 
g, 300 mmol) portionwise. After 1 hour the ice bath is removed and the reaction mixture is 
allowed to stir at room tempaature for 16 hours. The mixture is quenched with 10% NaaCOa 
and water and the resulting thick, white slurry is extracted with EtOAc (3 x). The combined 
organic layers are washed with brine, dried over Na2S04, and concentrated to give the desired 
product. 

Methanesulfonic acid 2fSVterf-butoxvcarbQnvlamino -5-methanesulfonvloxv-4fS)-methvl-pen^^ 
ester 

A solution of (4-hydroxy-l(S)-hydroxymethyl-3(S)-methyl-butyl)-carbamic acid tert-butyl ester 
(8.75 g37.5 mmol) in CH2CI2 (130 mL) is cooled under argon m an ice bath and triethylamine 
(20.9 mL, 150 mmol) is added via syringe. Methanesulfonyl chloride (8.7 mL, 112 mmol) is 
added dropwise and the mixture is stirred for 1 hour at 0**C. The reaction is diluted with 
CH2CI2, washed with saturated NaHCOa and brine, dried over Na2S04, and concentrated to the 
desired product. 

f l-Benzvl-5(SVmethvl-piperidin-3f5 ^Vy1)-^fti-bainic acid te/t-butvl ester 
A solution of methanesulfonic acid 2(S)-rerr-butoxycarbonylamino-5-methanesulfonyloxy-4(S)- 
methyl-pentyl ester (14.6 g, 37.5 mmol) in benzylamine (81.9 mL, 750 mmol) is heated 70°C for 
24 hours. The mixture is then cooled to room temperature and poured into 1 H NaOH (500 ml). 
The resulting oily, aqueous mixture is extracted with hexanes (3 x 300 ml). The combined 
hexanes extracts are dried over MgS04, and the volatiles are removed in vacuo to give an oil 
which is purified by flash chromatography usmg a MO % gradient of EtOAc/hexanes. 

(SrSVMethvl-piperidin-SfSVvn-carbainic acid terf-butvl ester (Precursor M) 
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To a solution of (l.benzyl-5(S)-methyl-piperidm-3(S)-ylKarbamic acid terf-butyl ester (9.8 g, 
32.2 mmol) in EtOH (300 mL) is added 10% Pd/C (1 g). The mixtuie is treated with hydrogen 
(30 psi) on a Pair apparatus for 16 hours. The reaction mixture is filtered through Celite. the 
filtrate concentrated, and the residue purified by flash chromatography on silica gel using 10% 
MeOH/CHCla containing 1% NH4OH to give the desired product 

Precnrsor Example N 
b!H2 HCI NH2 




(Precursor N) 

9 / 5^ yAmino-pentanedioic acid dimethyl ester hyd rochloride 

A suspension of L-glutamic acid (6.00 g, 40.7 mmol) in methanol (40 mL) is cooled in a ice bath. 
The mixture is treated dropwise with thionyl chloride (4.15 mL, 56.9 mmol) and the reaction 
mixture is stirred at room temperature for 18 hours. The volatiles are tiien remoyed by 
eyaporation in vacuo, toluene is added to tiie residue and is eyaporated. This process is repeated 
twice to giye the desired product. 

2fSVter^Buto vY^«^"y1«"^^Po-pentanedioic acid dimethyl ester 

A solution of 2(S)-amino-pentanedioic acid dimethyl ester hydrochloride (8.12 g, 38.4 mmol) in 
methanol (50 mL) is treated with triethylamine (10.5 mL, 75.3 nmnol) and solid di-re/t-butyl 
dicarbonate (10.91 g, 50.0 mmol). After 18 hours the soWent is remoyed. the residue is dissolved 
in CH2CI2, and die solution is washed with IN HCI (2 x 10 mL) and brine (1x5 mL). After 
drying the solution oyer Na2S04 and removing the spent dessicant by filtration, tiie solvent is 
evaporated to leave the desired product. 



^Boc 
HN" 



Me02C^^'''^^CO2Me 
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2fS'>-tert-But< ^?ry/^'»'-^mY'fl7^""-^<'S'>-ethvl-pentanedioic acid itimethvl ester 
A solution of lithium bis(lrimethylsUyl)aimde (10.5 mL, IM in THF, 10.5 mmol) is cooled in a 
dry ice/acetone bath. A solution of 2(S>tert-butoxycarbonylaniino-pentanedioic acid dimethyl 
ester (1.38 g, 5.0 mmol) in THF (15 mL) is added dropwise. maintaining the ten^jerature below - 
70 "C. After 30 minutes ethyl iodide (1.2 mL, 15.0 mmol) is added dropwise. "Hie reaction 
mixture is stirred for 1 hour and is then quenched with 1 N HQ (10 mL). The aqueous layer is 
extracted EtOAc (3x5 mL) and flie combined extracts are washed with brine and dried over 
Na2S04. The spent dessicant is removed by ffltraticm and the volatiles evaporated under reduced 
pressure to leave an dl which is purified by chromatography usmg 15 to 25 % EtOAc/hexanes. 
r4-Hvdroxv-irS'>-hvdroxymethvl-3fS')-B thvl-bntvl'>-c?'rhatnip. add teil-butvl ester 
A solution of 2(S)-tert-butoxycaibonylamino-4(S)-ethyl-pentanedioic arid dimethyl ester (0.69 g, 
2.3 mmol) in 1:1 EtOH/THF (16 mL) is treated with CaQz (1.01 g, 9.1 mmol) and cooled in an 
ice bath. To this mixture is added NaBH4 (0.69 g, 18.2 mmol) all at once. After 1 hour the ice 
bath is removed and the reaction is stirred at room temperature for 16 hours. The reaction mixture 
is quenched with saturated NajCOj and water and the aqueous layer is extracted with EtOAc (3x). 
The combined extracts are washed with brine and dried over NazS04 to give the desired product 
upon solvent mnoyal. 

Methanesnlfonifi acid 2fSVf^rt-hntoxvcarb o nv1amiiio.5.inethanesulfonvloxv-4(SVmethyl-pentyl 
ester 

A solution of (4-hydroxy-l(S)-hydroxymethyl-3(S)-ethyl-butyl)-carbamic acid tert-butyl ester 
(0.53 g, 2.1 mmol) in CH2CI2 (8 mL ) is treated with triethylamine (1.1 mL. 7.9 mmol) and is 
cooled in an ice bath. Methanesulfonyl chloride (0.48 mL. 6.2 mmol) is added dropwise. After 1 
hour the reaction mixture is dUuted with 01202. the organic layer is washed with saturated 
NaHCX)3 and brine, and is dried over Na2S04. Tbs spent dessicant is removed by filtration and 
the solvent is removed by evaporation under reduced pressure to give the desired product. 
n-Benzvl-'?rSVethvl^>ineridin-3('SVv' )-^«'-h^"i^'^ acid tert-butvl ester 

A solution of methanesulfonic add 2(S)-rert-butoxycarbonylamino-5-methanesulfonyloxy-4(S> 
methyl-pentyl ester (0.72 g, 1.8 mmol) in CH2CI2 (8 mL) is treated with benzykmine (1.1 mL. 
10.0 mmol) and the mixture is heated at reflux for 24 hours. The reaction mixture is then cooled 
to room ten^rature and diluted with chloroform. The organic solution is washed with 5% citric 
acid and brine and is dried over Na2S04. "Hie spent dessicant is removed by filtration and the 
solvent is removed by evapraation undw reduced pressure to give the desired product 
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(SfSVEthvl-pipgridin-3f SVvn-carbami c acid teit-butvl ester fPrecursor N) 
To a solution of (l-ben2yl-5(SHthyl-piperidm-3(S>ylHarbam acid tert-hntyl ester (0.125 g, 
0.393 mmol) in EtOH (4 mL) is added 10% Pd(OH)a/C (0.075 g). The mixture is placed under a 
hydrogen atmosphere (balloon) and is stirred for 18 hours. The reaction mixture is filtered 
through Celite and the filtrate concentrated to give the desired product. 

Prccnrsor Fyflmple O 

Me02Cr''^^CQ2^ 



H . H 




(Precursor O) 

4f SWgrNButoxvcarbonvlammo-2,2-d imftthvl-pentanediQic acid dimethyl ester 
To a stirred solution of potassium bis(trimethylsilylamide) (44.4 raL, 0.5 M in toluene. 22.2 
mmol) in dry THF (22 mL) at -78^C is added a solution of 2(S)-re/t-butoxycarbonylamino-4(S)- 
methyl-pentanedioic acid dimethyl ester (2.14 g, 7.4 mmol) in dry THF (26 mL) over a 5 min. 
period under an argon atmosphere. The resulting pale yellow solution is stirred at -78''C for 1 
hour and then methyl iodide (1.38 mL, 22.2 mmol) is added. Stirring is continued at -'78'C for 
0.5 h, then the white slurry is poured into a saturated solution of NH^Q (200 mL), and the 
resulting mixture is extracted with EtzO (3 x 150 mL). The ether extracts are combmed, dried 
over Na2S04, concentrated in vacuo, and purified by flash chromatography using 15% 
EtOAc/Hexanes to give the desired product. 

f4>Hvdroxv-irSVhvdroxymethvl-3.3-dimethvl-butvn-carbamic acid teyt-butyl ester 
A solution of 4(S)-terr-butoxycarbonylamino-2,2-dimethyl-pentanedioic acid dimethyl ester 
(L97 g. 6.5 mmol) in 1:1 EtOHyTHF (45 mL) is treated with CaCU (2.89 g, 26.0 mmol) and the 
resulting slurry is cooled under argon in an ice bath. To this mixture is added NaBHt (1.97 g, 
52.1 mmol) portionwise. After 1 hour the ice bath is removed and the reaction mixture is 
aUowed to stir at room temperature for 16 hours. The mixture is quenched with 10% Na2C03 
and water and the resulting thick, white slurry is extracted with EtOAc (3 x). The combined 
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organic layers are washed with brine, dried over Na2S04, and concentrated to give the desired 
product. 

Methanesulfonic acid 2(SVfgrf--butoxvcar >v^nYlamincvS-n^thanesiJfonv1oxv-44-diTne&^^^ 
ester 

A solution of (4-hydroxy-l(S)-hydroxymethyl-3-dimethyl-butyl)<arbamic acid te/t-butyl ester 
(1.56 g, 6.3 mmol) in COzCk (25 mL) is cooled under argon in an ice bath and triethylamine (3.5 
mL, 25.1 mmol) is added via syringe. Methanesulfonyl chloride (1.5 mL, 19.4 mmol) is added 
dropwise and the mixture is stirred for 1 hour at 0°C. The reaction mixture is dUuted with 
CHiCk, washed with saturated NaHCOs and brine, dried over NaiSO^. and concentrated to give 
the desired product 

ri-Benzvl-5.S-dimethvl-piperidm-3rSVv n-carbamic acid rgyt-butyl ester 
A solution of methanesulfonic acid 2(S)-rc?t-butoxycarbonylamino-5-methanesulfonyloxy4-di- 
methyl-pentyl ester (2.55 g, 6.3 mmol) in benzylamine (15 mL, 137 mmol) is heated 70°C for 24 
hours. The mixture is then cooled to room tenq>erature and poured mto 1 N NaOH (45 ml). The 
resulting oUy, aqueous mbctuie is extracted with hexanes (3 x 25 ml). The combmed hexanes 
extracts are dried over MgS04, and the volatiles are removed in vacuo to give an oil which is 
purified by flash chromatography usmg a 1-10 % gradient of EtOAc/hexanes. 
(5.5^Dimethvl-p i peridin-3(SVvn-carbamj n acid /grf-butvl ester (Precursor O) 
To a solution of (l-benzyl-.5-dimethyl-piperidin-3(S)-yl)-carbamic acid terf-butyl ester (0.66 g, 
2.1 mmol) in EtOH (20 mL) is added 10% Pd/C (0.19 g). The mixture is treated with hydrogen 
(30 psi) on a Parr apparatus for 16 hours. The reaction mixture is filtered through Celile, the 
filtrate concentrated, and the residue purified by flash chromatography on silica gel using 10% 
MeOH/CHCU containing 1% NH4OH to give the desired product. 

Precarsor Example P 




'COaMe 



HO, 




H 



Boc 




Boc 



MsO. 




(Precursor P) 
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W2-tett-But9xvcarb(mvlaniino-2-metho ^Yc^btmvl-<thvn-cvclobute^ acid TPSiM 



Sodium hydride (60% in mineral oil, 0.48 g, 12.0 mol) is added to a stirred solution of 2(S)-tert- 
butoxycaibonylamino-pentanedioic add dimethyl ester (1.10 g. 4.0 mmol) in anhydrous DMF (20 
mL) at room temperature under argon, and, after 0.5 hour, 1,3-dibromopropane (1.21 g, 6.0 
mmol) is added to the mixture. The reaction mixture is stined at 30-35°C for 4 hours and then is 
allowed to stand at room tenqieratuie overnight. The mixture is poured into a mixture of ice- 
water (60 mL) and EtOAc (60 mL), then is acidified to pH 2 by slow addition of 6 N HQ. The 
layers are separated and the organic layer is washed successively with water and brine, dried over 
Naj SO4, and concentrated. The residue is purified by flash chromatography on silica gel using 
20% EtOAc/Hexanes to ^ve the desired product 

ri.Hvdroxvniftthvi.2-f l-hvdrffvviTiethvl-cv f-inhutvn-etfavl1-carbamic acid ^gry-butyl g?ter 
A solution of l<2-tert-butoxycarbonylamino-2-methoxycarbonyl-ethyl)K7clobutanecarboxylic 
acid methyl ester (0.82 g, 2.6 mmol) in 1:1 EtOHmiF (18 mL) is treated with aCk (1.16 g, 10.5 
mmol) and the resulting slurry is cooled under argon in an ice bath. To this mixture is added 
NaBHU (0.79 g, 20.9 mmol) portionwise. After 1 hour the ice bath is removed and the reaction 
mixture is allowed to stir at room temperature for 16 hours. The mixture is quenched with 10% 
NazCOj and water and tiie resulting thick, white slurry is extracted with EtOAc (3 x). The 
combmed organic layers are washed with brine, dried over Na2S04, and concentrated to give the 
desired product 

Methanesulfnnic acid l.(2-ffirf-butoxvc «rWinYlaTTiii^t>-'^-pip4^flnftsiilfnnvloxv-PrODVn- 
cyclobutvlmethvl ester 

A solution Of [l-hydroxymethyl-2-(l-hydroxymethyl-cyclobutyl)-ethyl]-carbamic acid te/t-butyl 
ester (0.64 g, 2.5 mmol) in CH2CI2 (10 mL) is cooled under argon in an ice bath and triethylamme 
(1.4 mL, 10.0 mmol) is added via syringe. Methanesulfonyl chloride (0.6 mL, 7.8 mmol) is added 
dropwise and the mixture is stined for 1 hour at O^C. The reaction is dUuted with 01202, 
washed with saturated NaHCOj and brine, dried ov» Na2S04, and concentrated to give the 
desired product 

<'6-Benzvl-fi-a7ii-Rp irn r3.51non-8-vl'>-carbamic acid terf-butvl ester 

A solution of methanesulfonic acid l-(2-tert-butoxycarbonylamino-3-methanesulfonyloxy- 
propyl)-cyclobutyhnethyl ester (0.94 g. 2.3 mmol) in benzylamine (8 mL, 73.2 mmol) is heated 
70°C for 24 hours. The mixture is then cooled to room tenq)erature and poured into 1 H NaOH 
(20 ml). The resulting oUy, aqueous mixture is extracted wifli hexanes (3 x 10 ml). The 
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combined hexanes extracts are dried over MgS04, and the volatiles are removed in vacuo to give 
an oil which is purified by flash chromatography using a 1-10 % gradient of EtOAc/hexanes. 

f6-Aza-sDiror3.51non-8-Yl) -narhamic acid tert-hutvl ester (Precursor P) 
To a solution of (6-benzyl-6-aza-spiro[3.5]non-8-yl)-carbamic acid te/t-butyl ester (0.13 g) in 
EtOH (5 mL) is added 10% Pd/C (0.05 g). The mixture is treated with hydrogen (30 psi) on a 
Pair apparatus for 8 hours. The reaction mixture is filtered through CeUte, the filtrate 
concentrated, and the residue purified by flash chromatography on silica gel using 10% 
MeOH/CHaa containing 1% NH4OH to give the desired product. 

Precursor Example O 




H 



(Precursor Q) 

3fRWfgrt-butoxvcarbonyD2-2-dfanethvl-4-oxazolidine carbox aldehvde 

A solution of methyl 3-(rerr-butoxycarbonyl)2,2-dimethyI-4-oxazolidmecarboxylate (15.00 g, 
57.8 mmol) is dissolved in toluene (100 mL) and cooled to -78* C. To it a solution of 
dusobutylaluminum hydride (1.0 M, 98.3 mL, 98.3 mmol) is added dropwise to maintain the 
internal temperature under -60* C. After the addition, the resulting solution is stirred at -78* C for 
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30 min. and then slowly wanned to 0* C in 2 hrs. The mixture is quenched by addition of water. 
The organic layer is separated and the aqueous layer is extracted once with efliyl acetate. Hie 
combined extracts aie dried over anhydrous MgSO* and evaporated. The residue is purified by 
flash chromatography using ethyl acetate-hexanes. 
3(SVffe7t-ButoxvcarbonvlV2.2-dimetf ivM-vinvl-oxazolidine 

To a suspension of PhaPCHsBr (24.60 g, 68.8 mmol) in anhydrous THF (40 mL) is added t- 
BuOK (7.72 g, 68.8 mmol) in one portion at room temperature. After stirring for 10 mm, the 
yeUow mixture is treated with a solution of 3(R)-<^«/t-butoxycarbonyl)2,2-dimethyl-4. 
oxazolidine carboxaldehyde (10.50 g, 45.8 mmol) in THF. The mixture is stirred for additional 
10 mm and then partitioned between brine and EtOAc. The organic layer is separated and the 
aqueous layer is extracted with EtOAc (2 x). The combmed extracts are dried over MgS04 and 
evaporated under reduced pressure. The residue is treated with ether and die white solid which 
forms is removed by filtration. The filtrate is evaporated and the residue is purified by flash 
chromatography on silica gel using EtOAc-hexanes. 

2fSVrg7t-Butoxvcarbop y1flTninn-»3-bnten^l-ol 

A solution of 3(S)-(r^rt-butoxycarbonyl)-2,2-dimetiiyl-4vinyl^xazoUdine (10.50 g, 46.3 mmol) 
and p-TsOH, H2O (0.88 g, 4.6 mmol) in MeOH (100 mL) is heated at reflux for 2 days. After 
cooling, the solvent is evaporated and die residue is purified by flash chromatography on siUca 
gel using EtOAc-hexanes. 

2(SVfeyt-ButQxvcarbonv laniinn-3-but&nvl-l-(4-toluenesulfonate) 

A solution of 2(S)-tert-butoxycarbonylamino-3-buten-l-ol (6.88 g, 36.8 mmol), p- 
toluenesulfonyl chloride (8.42 g. 44.1 mmol) and EtjN (6.2 mL, 44.5 mmol) in CH2CI2 (120 mL) 
is heated at reflux for 3 hours. After cooling, die solution is washed with saturated NaHCOa, 
dried over anhydrous MgS04 and evaporated. The residue is purified by flash chromatography 
on silica gel using EtOAc-hexanes. 

2(S Vfgrf-butoxvcaTbonvlamino-N-( 1 -prQp-2-vnv l)-but-3-envlamine 

A solution of 2(S)-fe/t-butoxycarbonyIamino-3-butenyl-l-toluenesolfonate (10.34 g, 30.3 mmol) 
and 2-propynylamine (10.4 mL, 151.6 mmol) is heated at 45* C for 4 hrs. The excess reagent is 
distilled under vacuum. The residue is purified by flash chromatography on siUca gel usmg 
CH2Cl2-MeOH. 

^fSVterf->butQxvcarbonvlamino-N-a-p rQp->2vnvlVN-benzvl-but-3-envlamine 
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Benzyl bromide (0.83 mU 7.0 mmol) is added dnq>wise to a stined solution of 2(SHert- 
butoxycarbonylaniino-N<l-piop-2-ynyl)-but-3-enylanBne (3.12 g, 13.9 mmol) in anhydrous 
EtaO (8 mL) at room tempwature. The mixture is heated at reflux fw 1 hour and then cooled to 
0°C. The white oystals are filtered off and extracted with anhydrous Et20 (50 mL). The filtrate 
is concentrated in vacuo to yield a cloudy oil. The crude product is purified by flash 
chromatogr^hy on silica gel using 0-5% ethar in hracanes to give the desired product. The 
excess 2(S>tert-butoxycarbonylamino-N-(l-prop-2-ynyl)-but-3-enylamine is recovered by 
basifying an aqueous solution of the filtered salt with NaOH (2 M) followed by EtjO extraction 
and concentration. 

VSWgrt-bulov Yrr^n'"'"^""-^'^-™*^^^-''-"^*'^^'^^-^''^"''^^^ 

To a solution of CpaZtQa (2.03 g, 6.9 mmol) in TOF (25 niL) at -78»C under argon was slowly 
added n-butyllitMum (5.5 mL, 2.5 M m hexanes. 13.8 mmol). After stirring for 1 hour at -TS-C, 
2(S)-tert-butoxycarbonylainino-N-(l-prop-2ynyl>N-b«izyl-but-3-enylamine (1.97 g, 6.3 mmol) 
in THF (5 mL) is added. The yellow solution is warmed to rcxaa. ten?)erature over 2 hours and 
stirred for another 2 hours. Methanol (1.6 mL) is added to tiie resultant dark-brown solution; tiie 
color immediately changes to yeUow. The mixture is diluted witti saturated NaHCOs solution (20 
mL) and Et20 (40 mL), the layers separated, and tiie aqueous layer extracted with Et20 (3 x 100 
mL). The combined organic extracts are dried (K2CO3) and concentrated in vacuo to yield a 
cloudy yellow oil. HPLC analysis indicates fliat two diastereomers are present in about an 80:20 
ratio. The crude product is purified by flash chromatography on siUca gel using 3% trietiiylamine 
in hexanes to give the majta diastereomer as flie desired product 
f5-Beiizvl-8fRVmeflivl-5-a7asnirDr2.Sloc t-7-vn-caTbamic acid teit-butyl ester 
Zinc dust (7.46 g), cuprous chloride (1.5 g), and EtjO (25 mL) are refluxed 1 hour. 3(S>tert- 
butoxycarbonylamino-4(R)-mediyl-5-metiiylene-l-benryl-piperidine (1.39 g, 4.4 mmol) and 
diiodomefliane (5 mL, 62 mmol) are added. The mixture is heated at reflux for 10 hours, more 
diiodometiiane (5 mL, 62 mmol) is added, and the mixture is heated at reflux for 15 hours more. 
The reaction mixture is quenched with water and die etiier layer is separated, washed witii 10% 
HQ, water, and NaHCOs, and dried over K2CO3. Removal of the spent dessicant and 
concentration gives an oU which is purified by flash chromatography on silica gel using 10% 
EtOAc in hexanes. 

f8rR')-Methvl-5-aza-spiror2.S1oct-7-vl'>-carbamic ad d tert-butvl ester (Precursor Q) 
(5-Benzyl-8(R)-mefliyl-5-azaspiro[2.5]oct-7-yl)-carbamic acid te/t-butyl ester (0.54 g, 1.6 mmol) 
is dissolved in 1,2-dichloroeaiane (2 mL) and tiie mixture is cooled at 0°C. A solution of a- 
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chloroethyl chlorofomiate (0.25 g, 1.8 mmol) in 1,2-dichloiethane (1 mL) is tben added dropwise 
over 15 min and the stiiring is continued at 0°C for 15 min. The naixture is heated at reflux for 1 
hour, cooled to room temperature, and the solvents are removed under reduced pressure. The 
crude oily residue is dissolved in MeOH (1 mL) and the mixture is heated at reflux for 1 hour. 
The solvent is again evaporated under reduced pressure and the crude product is dissolved in 
water (3 mL) and the aqueous layer is extracted with Et20 (2 x 1 mL) and CH2CL2 (2 x 1 mL). 
Solid NaHCOj (0.33 g, 3.9 mmol) is added to the aqueous layer (pH = 9.0) which is extracted 
with OHaCU (2 x 1 mL). The combined organic layers are dried with Na2S04 and the volatiles 
evaporated to give the desired product as an oil. 



2(SVrgft-butoxvcarboDvlamino>N->(2-methvl-2-propeTivn-hnt--3-envlamine 

A solution of 2(S)-rerf-butoxycarbonylamino-3-butenyl-l-toluenesulfonate (5.17 g, 15.1 mmol) 

and methallylamine (5.4 mL. 75.8 mmol) is heated at 45" C for 4 hrs. The excess reagent is 

distilled under vacuum The residue is purified by flash chromatography on siUca gel using 

CH2Cl2-MeOH. 

2rSVrgr^butoxvcarbonvlaixiino-N-a-met hvl-2-propenvlVN-beDZvl-but-3-envlamine 
Benzyl bromide (0.42 raL, 3.5 mmol) is added dropwise to a stirred solution of 2(S)-re/t- 
butoxycarbonylamino-N-(2-methyl-2-propenyl)-but-3-enylaimne (1.68 g. 7.0 nmiol) m 
anhydrous Et20 (4 mL) at room temperature. The mixture is heated at reflux for 1 hour and then 
cooled to 0°C. The white crystals are filtered off and extracted with anhydrous EtzO (25 mL). 
The filtrate is concentrated in vacuo to yield a cloudy ofl. The crude product is purified by flash 
chromatography on silica gel using 0-5% ether m hexanes to give the desired product. The 
excess 2(S)-rerf-butoxycarbonylammo-N<l-methyl-2-propenyl)-but-3-enyl^ is recovered by 



p^ursor Example R 




(Precursor R) 
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basifying an aqueous solution of the filtered salt with NaOH (2 M) followed by EtaO extraction 
and concentration. 

3rSVrgr/-butQxvcarbonvlaniino-4fRVmethvl-5,5»4inie thvl-l-benzvl-piperidm^ 
To a solution of Cp27xCl2 (1-01 g, 3,5 mmol) in THF (15 mL) at -TS^'C under argon was slowly 
added n-butyllithium (2.8 mL, 2.5 M in hexanes, 7.0 mmol). After stirring for 1 hour at -78**C, 
2(S>tert-butoxycarbonylamino-N<l-methyl-2-propenyl)-N-benzyl-but-3^^^ (1.06 g, 3.2 
mmol) in THF (5 mL) is added. The yellow solution is warmed to room ten5)eratiire over 2 
hours and stirred for another 2 hours. Metiianol (0.8 mL) is added to the resultant dark-brown 
solution; flie color immediately changes to yellow. ThQ mbcture is diluted with saturated 
NaHCOa solution (10 mL) and EtaO (20 mL), die layers separated, and tiie aqueous layer 
extracted with EiiO (3 x 50 mL). The combined organic extracts are dried (K2CO3) and 
concentrated in vacuo to yield a cloudy yellow oil. The crude product is purified by flash 
chromatography on silica gel using 3% trietiiylamine in hexanes to give tiie major diastereomer 
as the desired product. 

3(SVterf-buto vy^«r>vinYlaTniii o-4fRVmeflivl-5.5-dime thvl-p^^ (Precursor R) 
3(S)-r^/t-butoxycarbonylamino-4(R)-inetiiyl-5,5-dimefliyl-l-benzyl-piperi (0.69 g, 2.1 
mmol) is combined widi 10% Pd/C (0.07 g) m metiianol (25 mL) and is shaken under a hydrogen 
atmosphere (40 psi) at room ten?)erature for 15 h. The spent catalyst is removed by filtration 
through Celite and die solvent is removed in vacuo to give the desired product. 

Precursor ExamnleS 




(Precursor S) 



2fSVtert>butO -^Y^«rhnTiy1aniiTi o-N-f2-pror ^TiYl)-hiit-'^-eTiy^ 

A solution of 2(S)-terf-butoxycarbonylanQino-3-butenyl-l-toluenesulfonate (3.47 g, 10 mmol) 
and aUylamine (3.8 mL, 50.3 mmol) is heated at 45* C for 4 hrs. The excess reagent is distilled 
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under vacuum. The residue is purified by flash chromatography on silica gel using CH2CI2- 
MeOH. 

?,fSVtert-butoxvcarbQnvlan)ino-N-(l-metb vl-2-propenvlVN-hftnzvl-buM-CTVlami^ 
Benzyl bromide (0.28 niL, 2.3 mmol) is added dropwise to a stirred solutim of 2(S)-tert- 
butoxycarbonylamino-N-<2-propenyl)-but-3-enylamme (1.06 g, 4.7 mmol) in anhydrous Et20 (3 
mL) at room temperature. The mixture is heated at reflux for 1 hour and then cooled to O'C. The 
white crystals are filtered off and extracted with anhydrous Et20 (18 mL). The filtrate is 
concentrated in vacuo to yield a cloudy oU. The crude product is purified by flash 
chromatography on silica gel using 0-5% ether in hexanes to give the desired product. The 
excess 2(S)-tert-butoxycarbonylamino-N-(l-methyl-2-propenyl)-but-3-enylamine is recovered by 
basifying an aqueous solution of the filtered salt with NaOH (2 M) foUowed by EtjO extraction 
and concentration. 

3rSWe?t-butoxvcarbQnvlaminn-ArR't-me thvl-5rSVinethYl-1-henzvl-pipMidme 
To a solution of CpjZrQz (0.67 g, 2.3 mmol) in THF (10 mL) at -78°C under argon was slowly 
added -butyllithium (1.85 mL, 2.5 M in hexanes, 4.6 mmol). After stirring for I hour at -78"'C, 
2(S)-tert-butoxycarbonylamino-N-(2-propenyl)-N-benzyl-but-3-enylamine (0.71 g, 2.1 mmol) in 
THF (3 mL) is added. The yellow solution is warmed to room tenqjerature over 2 hours and 
stirred for another 2 hours. Methanol (0.5 mL) is added to the resultant dark-brown solution; the > 
color immediately changes to yellow. The mixture is dUuted with saturated NaHCOs solution (7 
mL) and Et20 (15 mL), the layers separated, and the aqueous layer extracted with Et20 (3 x 35 
mL). The combmed organic extracts are dried (K2CO3) and concentrated in vacuo to yield a 
cloudy yeUow oil. The crude product is purified by flash chromatography on siBca gel using 3% 
triethylamine in hexanes to give the major diastereomer as the desired product. 

:^rsVterf-bntoyvcaTfaonvlamin^4fRVmethv l-5rsVmethvl-piperidine (Precursors) 
3(S)-tert-butoxycarbonylamino-4(R)-methyl-5(S)-methyl-l-benzyl-piperidine (0.32 g, 1.0 mmol) 
is combined with 10% Pd/C (0.04 g) in methanol (20 mL) and is shaken under a hydros 
atmosphere (40 psi) at room temperature for 15 h. The spent catalyst is removed by filtration 
through Celite and flie solvent is removed in vacuo to give the desired product. 

b. Final Product Preparation 

Example 1 

7.[3S-amino-5S-methyl-piperidinyl]-l.cyclopropyl-l,4-diIiydro-6-fluoro-8-methoxy.4-oxo-3- 
quinolinecarboxylic add hydrochloride 
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p 




.COOH 



,HC1 



l-cyclopropyl-l,4-dihydro-6J-difIuoro-8-methoxy-4<>xo-quinoH^ acid 
(Precursor A) (0.059 g, 0.200 mmol), (5(S)-methyl-piperidin-3(S).yl)-carbaniic acid tert-hntyl 
ester (Precursor M)_(0.048 g, 0.210 mmol) and triethylamine (0.075 mL) are dissolved in N- 
methyl-pyrroUdone (2 mL). The reaction mixture is stiired at 80*»C for 5 hours, then is poured on 
an ice/water mixture. The pH is lowered to 2 with dUuted HQ and the resulting precipitate is 
filtered. The soKd is then suspended in ethanol and 6N HCl is added. After 18 hours at room 
temperature, the desired final product is collected by filtration. 



7-[3S-amino-5S-ethyl-piperidinyl]-l-cyGlopropyl-l,4;dihydro-6-fluo 
quinolinecarboxylic add hydrochloride 



A procedure similar to Example 1 above is used, using l-cyclopropyH,4-dihydro-6,7-difluoro-8. 
medioxy4-oxo-quinoline-3-carboxyUc acid (Precursor A) and (5(S)^fliyl-piperidin-3(S)-yl)- 
carbamic acid tert-bvtyl ester (Precursor N) as die startmg materials. The procedure utilizes ttie 
same reaction conditions and molar ratio of reactants as Exaiiq)le 1. 



7-[3S-amino.5,5dimethyl-piperidinyll4-cydopropyM/l-daydro-6-fl^^ 
quinolinecarboxylic add hydrochloride 



Example 2 




Example 3 



p 
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A procedure siimlar to Example 1 above is used, but using l"CyclopropyH,4-dihydro-6,7- 
difluoro-8-inethoxy-4-oxo-quiiioline-3-carboxyUc acid (Precursor A) and (5,5-dimethyl- 
piperidin-3(S>yl)-carbamic acid tert-butyl ester (Precursor O) as the starting materials. The 
procedure utilizes the same reaction conditions and molar ratio of reactants as Example 1. 

Example 4 

7-[3S-amino-4S-ethyl-5R-methyl-piperidinyl]-l-cydopropyl4,4-^ 

mefhoxy-4-oxo-3-quinolinecarboxylic acid hydrochloride 

o 

COOH 



,HC1 

A procedure similar to Example 1 above is used, but using l-cyclopropyl-l,4^ydro-6,7- 
difluoro-8-metiioxy-4-oxo-qumoline-3-carboxylic acid (Precursor A) and 3(S)-fe/t- 
butoxycarbonylammo-4(R>ethyl-5(S)-methyl-piperidine (Precursor L) as the starting materials. 
The procedure utilizes the same reaction conditions and molar ratio of reactants as Example 1. 

Examples 

7-[7-ainino-8R-methyl-S-azaspiro[2^-octanyl]-l-cydopropyl-l,^ 

methoxy-4-oxo-3-quinolinecarboxylic acid hydrochloride 

o 

COOH 



,Ha 

A procedure similar to Example 1 above is used, but using l~cyclopropyl-l,4-dihydro-6,7- 
difluoro-8-methoxy-4-oxo-quinoIine-3-carboxylic acid (Precursor A) and (8(R)-metiiyl-5-aza- 
spk'o[2.5]oct-7-yl)-carbamic acid tert-huiyl ester (Precursor Q) as the starting materials. The 
procedure utilizes the same reaction conditions and molar ratio of reactants as Example 1. 

Example 6 

7-[8-amino-6-azaspiro[3.5]-nonanyl]-l-cyclopropyM,4-dihydro-6-fluoro-8-methyl-4-oxo-3- 
quinolinecarboxylic add hydrochloride 
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H2NV 




■COOH 

if 



A 



,Ha 

A procedure smiilar to Example 1 above is used, but using l-cyclopropyl-l,4-dihydro-6,7- 
difluaro-8-inethoxy-4-oxo-quinoline-3-carboxyUc acid (Precursor A) and (6-aza-spiio[3.51non- 
8-yl)-carbamic acid tert-hntyl ester (Precursor P) as the starting materials. The procedure 
utilizes the same reaction conditions and naolar ratio of reactants as Example 1. 

Example 7 

743S-amino-5S-methyl-piperidinyl]-6-bromo-8HMoro-l-cydopropyl-l^dihy 
quinoliuecarboxylic add dihydroddoride 




.HCl 



A procedure similar to Examqple 1 above is used, but using 6-bromo-8-chloro-l-cyclopropyH,4- 
dihydro-7-fluoro-4-oxoquinoline-3-carboxylic acid (Precursor B) and (5(S)-methyl-piperidin- 
3(S)-yl)-caibamic acid terf-butyl ester (Precursor M) as the starting materials. The procedure 
utilizes the same reaction conditions and molar rado of reactants as Example 1. 

Example 8 

7-[3S-amino-4R-ethyl-5S-methyl-piperidinyl]-6-bromo-8-cWoro-l-cydopropyl-l,4-dm^ 
-4-oxo-3-quiaolinecarboxylic add hydrochloride 



.coon 




.HCl 

A procedure similar to Example 1 above is used, but using 6-bromo-8-chloro-l-cyclopropyl-l,4- 
dihydro-7-fluoro-4-oxoquinoline-3-carboxylic acid (Precursor B) and 3(S)-rcrt- 
butoxycarbonylainina4(R)-ethyl-5(S)-methyl-piperidme CPrecursor L) as the starting materials. 
The procedure utilizes the same reaction conditions and molar ratio of reactants as Example 1. 
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Example 9 

Preparation of 7-I3S-aiiiino-5,5dimethyl-4R-metliyl-piperidinyn^ 
l94-dihydro-6-mefliyl4-oxo-3-quiiioImecarboxylic add dihydrochloride 




8-ChlQro-l-cvclQproT)vl-14-dihvdrQ-7-fluQrQ-6-methvM -oxQ-qu^ acid boron 

difluoride complex 

8-cUoro-lH:yclopropyl4,4-dihydro-7-fluoro-6-methyl-4K)xoquin acid 
(Precursor Q (Ig. 3.4 mmol) is dissolved in THF (10 mL) and boron trifluoride etherate (1.76 
mL, 13.9 mmol) is added. The mixture is stirred at 60*C for 2 hours then cooled to room 
temperature. The desired product is collected by filtration, washed, and air dried. 

7>r3S-terNbut ^vY'-«rWYlai^i" Q-5-^dimethvl-4R-methvl -piperi^^^ 
1.4-dihvdro-6-methvl4-Qxo-3-quino 1mecarboxvlic acid 

8<;WQro-l-cyclopropyl-l,4-^ydro-7-fluoro-6-methyl-4-oxo-qum^ acid boron 

difluoride complex (0.10 g, 0.291 mmol) is dissolved in 2 mL of acetonitrile; then 
diisopropylethylamine (0.16 mL, 0.923 mmol) and 3(S)-rc7t-butoxycaibonylamino-4(R)-methyl- 
5,5^imethyl-piperidine (Precursor R) (0.086 g, 0.353 g) are added. The mixture is stirred at 60° 
C for 24 hours, and then the solvent is removed by evaporation. The residue is dissolved m 5 mL 
of ethanol and 2 mL of triethylamine. The solution is stirred at 80X for 4 hours, then evaporated 
to dryness. The desired compound is isolated by flash chromatography on siUca gel using 
EtOAc/hexanes. 

7-r3S-amino-5,^dimethvMR-methvl-piperid invl1-8-cMoro-l -cvclopropvl-l ,4^ihydro-6-metny|- 
4-QXQ-3-QuinQlinecarboxv 1ic acid hydrochloride 
743S-fe/t-butoxycarbonylamino-5,5dunethyl-4R-methyl-piperidin^ 

l,4^ydro-6-methyl-4-oxo-quinoline-3-carboxyUc acid (0.54 g, 0.104 mmol) is dissolved m 
ethanol (2 mL) and concentrated hydrochloric acid (0.5 mL). After half an hour at room 
temperature the desired compound is collected by filtration after cooling the nuxture in an ice 
bath. 

Example 10 
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Pi^paratfonof: 7-[3S-aiiiino-4R-methyl-5S-methyl-piperidinyl]- 8-cMoro-l-cydopropyI-6- 
hydroxy-l,4-dihydro-4-oxo-3-qiiinoliiiecarboxyUc add dihydrogen sulfate 




.COOH 



,H2S04 



Etlivl 743S-NbutQxvcarbon v1aminn-4R^methvl-SS^methvl-piperidm^^^ 

1.4-davdro-6- pitro-4-oxo-3^uinQlmecaibQXvlatB 

Ethyl 8-cmoro4K:yclopropyl-l,4-dihydro-7-fluor(>-6-mtro-^ 

(Precursor D) (0.064 g, 0.180 mmol) and 3(SHerr-butoxycarbonylammo-4(R>methyl-5(S)- 
methyl-piperidine (Precursor S) (0.08 g, 0.351 nunol) are dissolved in DMSO (1 mL) and stirred 
at room temperature for 15 minutes. Water (5 mL) is then added and the desired product collected 
by filtration. 

Ethvl 743S-^butoxvcarbonvla^lino-4R■methvl-5S-met hvl^piperidinvl^6-amiDO-8-chloro«l- 
cvclopropvl-1.4-dihvdro-4-oxo-3" qiiiT^n1iTiecarboxvlate 

Ethyl 743S-^butoxycarbonylamino-4R-methyl-5S-methyl-pipe^idinyl]-8K:Wo^o-l-cyclopr 
1.4-dihydro-6-nitro-4-oxo-3-quinolinecarboxylate (0.072 g, 0.128 mmol) is dissolved in ethanol (1 
mL) and Raney Nickel (0.035 g) is added. The reaction mixture is stirred under hydrogen (1 atm) 
at room temperature for 18 hours. The catalyst is removed by filtration on Celite and the filtrate 
evaporated to give the desired product. 

Ethvl 7-r3S-Nbutoxvcarbonvlamino-4R-methvl-5S>methvl>pipe ridinvl1-8K;Moro4-c 
hvdroxv-L4-dihvdro-4-oxO''3-qni nn1inecarbQXvlate 

Ediyl 743S-^butoxycarbonylamino4R-methyl-5S-methyl-piperidinyl]-6-amino-8•<:hlo^o- 
cyclopropyH,4-dihydro-4-oxo-3-quinolinecarboxylate (0.068 g, 0.127 mmol) is dissolved in 2H 
HCl (2 mL) at 0°C. A solution of sodium nitrite (O.Olg. 0.145 mmol) in water (0.2 mL) is then 
added and the solution stirred at O^C for 1 hour. A solution of NaBFa (0.02 g, 0.182 mmol) in 
water (0.2 mL) is added and tiie resulting precipitate filtered. The solid is re-suspended in 
trifiuoroacetic acid (0.2 mL) and K2CX)3 (0.5 g) is added portionwise at 40*'C Water (10 mL) is 
added and tiie reaction mixture allowed to stir at room temperature for 2 hours. The aqueous phase 
is extracted with dichlorometiiane and tiie desired product purified by chromatography on silica 
gel using 5% methanol in CH2CI2 as eluent. 

7,p5;-flnim n-4R-metiivl-SS-methvl-piperidtnvn- 8-chloro-l-cvdop rnpvl-6-hvdroxv-l ,4-dihvdro- 
4H-oxo-3-KiniTifilinecarboxvlic acid dihydropen sulfate 
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Ethyl 743S-*-butoxycarbonylaniino4R-niethyl-5S-me%l-piperidmyl]- S-chloro-l-cyclopropyl- 
6-hydroxy-l,4-dihydro^xo-3-quinolinecarboxylate (0.042 g, 0.079 mmol) is suspended in a 
mixture of acetic acid/ sulfiiric acid/ water (6:4:1, 1 mL) and the reaction mixture is heated at 
reflux for 4 hours. After cooling the desired product is isolated by filtration. 

liWr^mnlell 

7.[3S-Amino-SS-methyl-piperidinyn-l-cyclopTOpyl-l/t-dihydro-6.fluoro-^ 
iiaphthyridine-3-carboxylic add hydrochloride 



H2Nv 




.HQ 

E%l-7<Woro-l-cyclopropyl-6-fluoro-4-oxo-l,4-dihydro-naphthyridine-3-carboxylate 
(Precursor E) (0.062 g, 0.200 nanol), (5(S>methyl-piperidin-3(S)-yl)-carbamic acid tert-butyl 
ester (Precursor M) (0.048 g, 0.214 nnnol) and trietiiylamme (0.05 mL, 0.359 mmol) are 
dissolved in acetonitrile (1 mL) and stirred at room ten^erature for 18 br. The solvent is 
evaporated under vacuum and ti»e residue crystallized m water. The resulting solid is coUected by 
filtration and suspended in a 1/1 mixturc of 214 NaOH and etiianol (1 mL) and stirred at room 
temperature for 24 hours. The pH is tiien adjusted to 7.4 using IN HCl and the precipitate is 
coDected by filtration. The soUd is resuspended in ethanol and treated with 614 hydrochloric acid 
for 18 hr at room tenqwrature. The desused final product is collected by filtration. 

F.vample 12 

743S-ainiiio^-ethyl.5R.methyl-piperidinyll.l-CydopropyM,4-dihydro-fr^ 
naphthyridine-S-carboxylic add hydrochloride 




A procedure sunilar to Example 11 above is used usmg etiiyl-7-chloro-l-cyclopropyl-6-fluoro-4- 
oxo-1.4-dihydro-naphtiiyiidine-3-carboxyIate (Precursor ED and 3(S)-te/*-butoxycarbonylamino- 
40R)-etiiyl-5(S)-metiiyl-piperidine (Precursor L) as die starting matraials. The procedure 
utilizes the same reaction conditions and molar ratio of reactants as Exan^le 11. 
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Example 13 

7.[3S-aiiiino-5S-me1Jiyl-piperidinyl]-9-nuoro-2^^ 
de]-l94-beiizoxa2ane-6-carboxylic add hydrochloride* 




OOH 



940-difluoro-23Kiihydro-3S-inetbyl-7-oxo-7H-pyrido[l,2,3-^^^ 

acid (Precursor F) (0.056 g, 0.199 mmol), (5(S).inethyl-piperidin-3(S)-yl)-carbaniic acid ten- 
butyl ester (Precursor M) (0,045 g, 0.201 mmol) and triethylamine (0.075 mL, 0.538 mmol) are 
dissolved in N-methyl-pyrroUdone (1 mL). The solution is stkred at SO^^C for 18 hours and is 
poured mto an ice/water mixture. The pH is lowered to 2 using dilute HQ and the resulting 
precipitate is collected by filtration. The solid is suspended m ethanol and 6N HCl is added. 
After 18 hr at room teiiq>erature, the desired product is collected by fUtration and air dried. 

Example 14 

7-[3S-ammo-5^-dunethyl-piperidinyl]-9-fluoro-2,3-dihydro-3S-mcth^^ 
pyrido[l^;3-de]-l,4-beiizoxazine-6-carboxylic add hydrochloride. 




COOH 



,Ha 

A procedure similar to Example 13 above is used using 9,10-difluoro-2,3-dihydro-3S-methyl-7- 
oxo-.7H-pyrido[l,2.3-de]-l,4-benzoxazane-6-carboxylic acid (Precursor F) and (5,5-4miethyl- 
piperidin-3(S)-yl)-carbamic acid teft-butyl ester (Precursor O) as ttie starting naaterials. The 
procedure utilizes die same reaction conditions and molar ratio of reactants as Example 13. 

Example 15 

747-aiiiino-8R-methyl-5-azaspiro[2.5]-octanyl]-5,6,8-tri£luoro-9-cydopropyl.l,^ 
hydroisothiazolo[5,4-b]quinoline-3,4-dione hydrochloride 
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5,6J3-tetrafluorc>-9-cyclopropyl-13A9-tetrahydroisotl^ 

(Precursor G) (0.067 g, 0.203 mmol) is suspended in DMF (1 mL) and (8(R)-methyl-5-aza- 
spiro[2.5]oct-7-yl)-carbaiiiic acid tert-butyl ester (Precursor Q) (0.051 g, 0.212 mmol) and 
triethylamine (0.05. 0.359 mmol mL) is added. The reaction mixture is stirred at 50°C for 6 hr. 
The mixture is ccmcentrated under vacuum, and the residue is triturated witii water. The 
precipitate is collected, rinsed with ethanol, and suspended in ethanol. Drops of 12N HCl are 
added and the suspension is stirred for 12 hr at 20^C. The desired product is collected by 
filtration and air dried. 

Example 16 

743S.amino-5SH5thyl-piperidinyl]-5^8-trffluoro-9-cydopTO^^ 
tliiazolo[5,4-b]quinoline-3/l-dione hydrochloride 

T R o 



H2N//,,. 




A procedure similar to Example 15 above is used using 5,6.7,8-tetrafluoro-9-cyclopropyl-l,3,4,9- 
tetrahydroisotiiiazolo[5,4-b]quinolme-3,4-dione (Precursor G) and (5(S)-ethyl-piperidin-3(S)- 
yl)-carbamic acid tert-hutyl ester (Precursor N) as tiie starting materials. The procedure utilizes 
the same reaction conditions and molar ratio of reactants as Example 15. 

Example 17 

Preparation of: 843S-amino-5S-methyI-piperidinyl]-l-cyclopropyl-7-fluoro-9-methyM^^ 
4H-quinolizine-3-carboxylic add hydrochloride 
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H2NV 




,HC1 

oxo-4H-quinn liTiiie-^-cari)oxvlate 

A solution of ethyl 8Kddoro-l<yclopropyl-7-fluoro-9-inethyl-4-oxo4HHiuinoUzine-3- 
carboxylate (precursor H) (0.040 g. 0.124 mmol). (5(S)-methyl-piperidin-3(S)-yl)-carbamic acid 
tert-butyl ester (Precursor M) (0.033 g, 0.149 mmol) and RsN (0.034 mL. 0.244 mmol) in DMF 
(2 mL) is stined at room temperature for 3 days. The solvent is evaporated under reduced 
pressure. The residue is dissolved in CHaQz and the solution is washed with 0.1 M HQ, dried 
over anhydrous MgS04, and concentrated to give the desired product. 
«-r3S-f-butor y'-«rhfvnYl^Tn WSS-niethvl-n ipgridhivl1-l-<;vcloOTOPvl-7-fluoro- 
4H.<iuinoUzine-3-caTboxv 1iy ?qd triflnoroacetate 

A solution of ethyl 8-[3S-r4)utoxycaibonyhimmo-5S-methyl-piperidinyl]-l-cyciopropyl-7-fluoro- 
9-methyl-4-oxo4H-quinolizine-3-carboxylate (0.060 g, 0.120 mmol) and 16% NaOH (0.15 mL) 
in EtOH (2 mL) is stined at room temperature for 6 hr. The mixture is partitioned between 
CH2a2 and 0.1 N HQ solution. The organic layer is separated and the aqueous layer is extracted 
with C3l2a2 (2 x). The combined extracts are dried over anhydrous MgS04 and evaporated to 
give a yeUow soUd which is purified by preparative reverse phase HPLC using a CH3CN/H2O- 
0.1%TFA gradient as the eluent Concaitratimi of the product-containing fractions gives the 
desired product 

>Ur3S.aTmno-SS.inethvl.piperi d itivn-l^vcloDronv1-7-fluoro-9-methvH^^ 
carboxvlic ac id hydrochloride 

8-[3S-^butoxycarbonylamino-5S-methyl-piperidine-l-yl]4-cyclopl:opyl-7-fiuoro-^^ 
oxo-4H-quinolizine-3-carboxyUc acid trifluoroacetate (0.032 g, 0.055 mmol) is treated with 
concentrated HQ (0.5 mL) for 10 min. at room temperature. The volatUes are evaporated under 
reduced pressure to give the desired product. 

Example 18 

8-I3S-anrino-5S-ethyl-piperidinyl]-l.cydopropyI-7-fluoro-9-methyl-4-oxo-4H-quinoUzta 
carboxylic add dihydrochloride 
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,Ha 



A procedure similar to Example 17 above is used, using ethyl 8-chloro-l-cyclopropyl-7-fluoro-9- 
methyM-oxo-4H-<iuinolizine-3-carboxylate (Precursor H) and (5(S)^thyl-piperidin-3(S)-yl)- 
carbamic acid tert-hxxtyl ester (Precursor N) as the startmg materials. The procedure utilizes the 
same reaction conditions and molar ratio of reactants as Example 17. . 

Example 19 

Preparation of: 8-[3S-Amino-5S-efliyl-piperidinyl]4-cyclopropyl-7-hydroxy.9.meA^^^ 
oxo-4H-qumoIizme-3-carboxyIic acid dihydrochloride 



p 




,HC1 



Ethvl 8-r3S-f-butoxvcarbQnvlamino-5S>ethvl-piperidin vl1-l-cvcloDropvl-9-methvl-7-nitro-^^ 
4H-quinolizine-3K;arboxvlate 

A solution of ethyl 8K;Woro4-cyclopropyl-9-methyl-7-nitro-4-oxo-4H-quinolizine-3-CM^^ 
(Precursor 1) (0.053 g, 0.151 mmol), (5(S)-ethyl-piperidin-3(S)-yl)-carbamic add tert-butyl 
ester (Precursor N) (0.035 g, 0.153 nmaol) and EtjN (0.041 mL, 0.294 mmol) InDMF (2 mL) is 
stirred at room temperature for 3 days. The solvent is evaporated under reduced pressure. The 
residue is dissolved in 01202 and the solution is washed with 0.1 M HQ. dried over anhydrous 
MgS04, and concentrated to give the desired product. 

Ethvl 843S-/4)utQxvcaibonv1amino-5S-e thvl-niperidmv]1-7-amino-l<vcl^ 
oxo^H-auin nlizine-3-carboxvlate 

Ethyl «-n5 5-Nbutoxvcarbonvlamino- 5S--ethvl-piperidiayl]-l-cyclopropyl^^ 
4H-quinolizine-3-carboxylate (0.065 g, 0.120 mmol) is dissolved in ethanol (1 mL) and Raney 
Nickel (0.035 g) is added. The reaction mixture is stirred under hydrogen (1 atm) at room 
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tenqjeratuie for 18* hours. The catalyst is removed by ffltratioo on Celite and the filtrate 
evaporated to give the desired product. 

Ethvl 843S-NbntQxvcarbonvl aniino-5S-ethvl-piperidinvH-l^^^^ 
QXQ.4H^umo lizine-3-carboxvlate 

Ethyl 8-[3S-Nbutoxycari)onylammo-5S-«thyl-piperidinyl]-7-amino-lK:^^ 
oxo-4H-quinolizine-3-carboxylate (0.062 g, 0,120 mmol) is dissolved m 2N HQ (2 mL) at 0°C. A 
solution of sodium nitrite (0.009 g, 0.130 mmol) in water (0.2 mL) is then added and the solution 
stilted at 0*^0 for 1 hour. A solution of NaBF4 (0.02 g, 0.182 mmol) in water (0.2 mL) is added 
and the resulting precipitate filtered. The solid is re-suspended m trifluoroacetic acid (0.2 mL) and 
K2CO3 (0.5 g) is added portionwise at 40°C. Water (10 mL) is added and the reaction mixture 
allowed to stir at room temperature for 2 hours. The aqueous phase is extracted with CH2a2 and 
the desired product purified by flash chromatography on silica gel using 5% methanol in CH2CI2 
as eluent. 

8-r3S-Nbut0XV ^^rKniiYl»inimf w.SS-ethvl-piT^ri^ ^^ 
4H-quinolizine-3-carboxvlic acid 

A solution of ethyl 8-[3S-r-butoxycarbonylammo-5S-methyl-piperidinyl]-l-cyclopropyl-7- 
hydroxy-9-methyl-4-oxo-4H-quinolizdne-3-caiboxylate (0.036 g, 0.070 mmol) and 16% NaOH 
(0.15 mL) in EtOH (2 mL) is stirred at room temperature for 6 hr. The mixture is partitioned 
between CH2CI2 and 0.1 N HCl solution. The organic layer is separated and the aqueous layer is 
extracted with CH2CI2 (2 x). The combined extracts are dried over anhydrous MgS04 and 
evaporated to give the desired product. 
« 4;^<g,flTninn-5S-ethvl-Diperidtnvll-l-cvclQprDDvl-7>hv d TQxv-^ 
carboxvlic acid dihvdrochloride 

8-[3S-^butoxycarbonylamino-5S-me1hyl-piperidine-l-yl]-l■K;ycl^^^^ 

oxo-4H-quinolizme-3-carboxylic acid (0.031 g, 0.063 mmol) is treated with concentrated HCl 
(0.5 mL) for 10 min. at room ten5>erature. The volatiles are evaporated under reduced pressure to 
give the desired product 

Example 20 

Preparation of: 7-[3S-amino-5S-methyl-piperidinyll-3-amiBO-8-cWoroa-cydopropyl-fr 
fluoro-lH-quinazoline-2,4-dio]ie hydrochloride 
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.HQ 



(743S-^butoxY ^«^>^"Y'''"^i" '^^S-'"ethvl-Dil ) eridiT1-l-vn-8-chloro-l-^^^^ 
dioxo-1.4-dihvdro-2H-aiiinazolm-3-v l)«>ThaiTiic acid tert-butvl ester 
A solution of 8-chloro-l-cyclopropyl-6J-difluoro-2,4HBoxo-l,4-dihydK)-2H-^iui^ 
yDcarbanric acid tert-butyl ester (Presursor J) (0.06 g, 0.155 mmol). (5(S)-methyl-piperidm- 
3(S).yl)-carbamic add rert-butyl ester (Precursor M) (0.66 g, 0.310 mmol). and tiiethyiamine 
(0.065 mL, 0.465) aie stined and heated in acetonitrile (3 mL) at reflux f<w 48 hours. After 
cooUng to room temperature, the reaction mixture is diluted with ethyl acetate and washed with 
saturated NaHCX)3, water, and brine. The organic layer is dried over MgSO*. filtered, and 
concentrated. The resulting residue is purified by flash chromatography on silica gel using 
EtOAc/hexanes to ^ve the desired product. 

7-r3S-amino-5S-niethvl-pioeridinvl1-3-amin o -«-fih1nrfvl-cvclODrOOTl-6-flu 
2.4-dione hydrochloride 

Hydrogen chloride gas is bubbled into CHzQi for 15 minutes. The resulting solution is then 
cooled to 0°C and added to a solution of {7-[3S-amino-5S-methyl-piperidin-l-yl)-8-chloro-l- 
cyclopropyl-6-fluoro-2,4-dioxo-l,4-dihydro-2H-quinazolin-3-yl}carbamic acid tert-butyl ester 
(0.067 g, 0.115 mmol). The resulting mixttire is slowly wanned to room temperature. After 30 
hours, tiie precipitate is filtered, washed witii 01202 and hexanes. and dried under vacuum to 
give the desired product. 

Example 21 

7.[3S-amino.4R-ethyl-5S-methyl-piperidinyllO-aniino-8-chloro-l-cyclopropyl-6-fluoro-m- 
quinazoIine-2,4-dione hydrochloride 
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A procedure similar to Exaxap]e 20 above is used, using 8-chlQro-l-cyclopropyl-6,7-diflu(wo-2,4- 
dioxo-l,'Wihydro-2H-quiiiazolin-3-yl)carbainic acid tert-butyl ester (Presursor J) and 3(S)-/ert- 
butoxycarbonylamino4(R)-ethyl-5(S)-methyl-piperidine (Precursor L) as the starting materials. 
The procedure utilizes the same reaction conditions and molar ratio of reactants as Bxaasplt 20. 

Emmple22 

Preparation of: 7-PS-anuno-5S-iiiethyl-piperidinyll-3-ainino-l-cydopropyI-6-nuor^^ 
methyl-lH«quiiiazoline-2y4-dione hydrochloride 




H2N,,,. 

.HQ 

7-r3S-NbutOXV^«rhnnY l«TTiiTi n-SS-methvl-Dity ",1in YlV^-aiTiinn-1^vcloproDvl^ 
lH-qTiinay-olme-2.4-dione 

To a solution of 3-amino-l<yclopropyl-6.7-difluoro-8-methyl-lH-quuiazolme-2,4-dione 
(Presursor K) (0.055 g, 0.206 mmol) and triethylamine (0.084inL, 0.600 mmol) in acetonitrile (3 
rnL) is added (5(S>methyl-piperidin-3(S)-yl)-carbamic acid tert-butyl ester (Precursor M) 
(0.088 g. 0.412 mmol). The solution is heated at reflux far 18 hours, the solvent is removed under 
reduced pressure, and the residue triturated with water. The soUd is collected by filtration and air 
dried to give the desired product 

7.nS-amino-5S-tnethvl-DiperiHinvn-3-amino - 1-cvcloproovl-6-fluoro-8-methv1-1H-quinazo^ 
2.4-dione hydrochloride 

Hydrogen chloride gas is bubbled into GHjaz for 15 minutes. The resulting solution is then 
cooled to 0°C and added to a solution of 7-[3S-f-butoxycarbonylamino-5S-methyl-piperidmyl)-3- 
amino-l-cyclopropyl-6-fluoro-8-methyl-lH-quinazoline-2,4-<lione (0.070 g, 0.145 mmol). The 
resulting mixture is slowly warmed to room tenqwrature. After 30 hours, the predpitate is 
filtered, washed wilh CHaQz and hexanes, and dried under vacuum to give the deshed product 

Example 23 

7.[3S-amhio^R-methyl-5,5.dimethyl.piperidinyll.3-anattno-l-cyclopropyl-6-fluor^ 
lH-quiiiazoIine-2y4-dione hydrochloride 



wo 2004/014893 



PCT/US2003/022587 

129 



O 




.HQ 



A procedure similar to Example 22 above is used, using 3-amino-l-cyclopropyl-6,7-difluoro-8- 
methyHH-quinazoline-2,4-dione (Presursor K) and 3(SHerf-butoxycarbonylaniino-4(R)- 
methyl-5,5-diiiiethyl-piperidine (Precursor R) as the starting materials. The procedure utilizes 
the same reaction conditions and molar ratio of reactants as Exan?)le 22. 



Vn. Hxam ples - Compositions and Meth ods of Use 

The following non-limitiing examples illustrate the compositions and methods of use of the 
present invention. 

Example 16 

A tablet conq)osition for oral administration, according to the present invention, is made 
comprising: 

Component AmQunJ 

Compound of Exan:q?le 1 150 mg 

Lactose 120 mg 

Maize Starch ''^mg 

Talc 4mg 

Magnesium Stearate 1 

Other compounds having a structure according to Formula (I) are used with substantiaUy 

similar results. 

Example 17 

A capsule containing 200 mg of active for oral administration, according to the present 
invention, is made comprising: 

Component ^Qunt(%w/w) 
Compound of Example 4 15% 
Hydrous Lactose 
Microcrystalline Cellulose 

Crosspovidone ^-^^ 
Magnesium Stearate 5.7% 
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Other compounds having a structure according to Formula (I) are used with substantially 
similar results. 

Example 18 

A saline-based composition for ocular administration, according to the present invention, 
is made comprising: 

Component Amount (%w/w) 

Compound of Example 7 lO*^^ 
Saline 90% 

Other compounds having a structure according to Formula (I) are used with substantially 
similar results. 

Example 19 

An iatranasal con5)Osition for local administration, according to the present invention, is 

made comprising: 

Component Composition (% w/v) 

Compound of Example 10 0,20 

Benzalkonium chloride ^-^^ 

EDTA ^-^^ 

20 

Glycenn 
PEG 1450 

Aromatics ^'^'^^ 
Purified water 

Other compounds having a structure according to Formula (I) are used with substantiaUy 

* 

similar results. 

Example 20 

An inhalation aerosol composition, according to the present invention, is made comprising: 

Component Comppsition(% w/v) 

Con5)ound of Example 14 

Ascorbic acid ^'^ 
Menthol 

Sodium Saccharin ^'^ 
Propenant(F12,F114) ^-s. 

Other compounds having a structure according to Fonnula (1) are used with substantially 

similar results. 

liSfflfiiple 21 
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A topical opthalmic con^position, according to the present invention, is made comprising: 
Component CompositiQn (% wM 

Conq>ound of Exaniple 15 0. 10 

Benzalkonium chloride 0-01 

EDTA 0-05 

Hydroxyethylcellulose 0-5 

Acetic acid 0-20 

Sodimnmetabisulfite 0-10 

Sodium chloride (0.9%) q s- 

Other compounds havmg a structure according to Fonnula (I) are used with substantially 

similar results. 

Example 22 

An antimicrobial composition for parenteral administration, according to this invention, is 
made comprising: 

Component Amount 
Compound of Example 12 30 mg/mL excipient 

Excipient : 

50 mm phosphate buffer pH 5 buffer with lecithin 0.48% 
carboxymethylcellulose 0.53 
povidone 0.50 
methyl paraben 0-11 
propylparaben 0.011 

The above ingredients are nuxed, forming a suspension. Approximately 2,0 mL of the 
suspension is systemically administered, via intramuscular injection, to a human subject sufifermg 
from a lowCT respnatory tract infection, with Streptococcus pneumoniae present This dosage is 
repeated twice daily, for approximately 14 days. After 4 days, symptoms of the disease subside, 
indicating that the pathogen has been substantially eradicated. Other compounds havmg a 
structure accordmg to Fonnula (I) are used with substantially smiilar results. 

Example 23 

An enteric coated antimicrobial composition for oral administration, according to this 
invention, is made con5)rising the following core tablet: 

Component Amount f mg) 

Con^)ound of Example 5 350.0 



1 
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Maltodextrine 30-0 
Magnesium Stearate 5.0 
Microcrystalline Cellulose 100.0 
Colloidal Silicon Dioxide 2.5 
Povidone 12.5 

The components are admixed into a bulk mixture. Conq)ressed tablets are formed, using 
tabletting methods known in the art The tablet is then coated with a suspension of methacrylic 
acid/methacrylic acid ester polymer in isopropanol/acetone. A human subject, havmg a urinary 
tract infection with Escherichia coli present, is orally administered two of the tablets, every 8 
hours, for 4 days. Syn^toms of the disease then subside, mdicating substantial eradication of the 
pathogen. Other compounds having a structure according to Formula (I) are used with 
substantially similar results. 

All documents cited m the Detailed Description of die Invention, in relevant part, 
incorporated herein by reference; the citation of any document is not to be construed as an 
admission that it is prior art with respect to the present invention. 

While particular embodiments of the subject invention have been described, it will be 
obvious to those skilled in the art that various changes and modifications of the subject mvention 
can be made witiiout departing from the spirit and scope of the invention. It is intended to cover, 
in the appended claims, all such modifications that are within the scope of this invention. 
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What is claimed is: 

1. A compound having a structure according to Formula (I) 




wherein: 

(A) (1) A^ is selected from -N- and -C(R^)-, where is selected from hydrogen, halo, Ci to 
about Cg alkyl, C2 to about Cg alkene or alkyne and Ci to about Cg alkoxy, all such 
alkyl, alkene, alkyne and alkoxy moieties bemg unsubstituted or substituted with 
from 1 to about 3 fluoro; 

(2) a, & and c are each independently a single or double bond; 

(3) (a) X is either from -C- or -N-; where (i) if X is -C-, a is a double bond and 6 is a 

single bond, and (ii) if X is -N-, a is a single bond and is a double bond; 

(b) Y is selected from -N(R^)- and -CR°R^-; wherein R"* is selected from hydrogen 
and nil, wherein R° is hydrogen when b is single bond and R** is nil when 6 is a 
double bond; 

(c) Z is selected from -C(COR^)- , -N(R^)- and -N(NHR^)s where (i) if Z is - 
C(COR^)-, c is a double bond, and (ii) if Z is either -N(R^)- and -N(NHR^-, c is a 
single bond; 

(d) provided that Y is -N(R^)- only if X is -C-; 

(e) provided that Y is -C(R^)- only if X is -N- and Z is -C(COR^-; 

(f) provided that Z is either -N(R')- or -N(NHR^)- only if X is -C-. Y is -N(R*)- and A^ 
is -C(RV; 

(4) R* is selected from C3 to about Cg cycloalkyl, C3 to about Cg heterocycloalkyl, Ci 
to about Cg alkyl, C2 to about Cg alkene or alkyne, Ci to about Cg alkyloxy, 6- 
membered aryl and 6-membered heteroaryl, all such alkyl, alkene, alkyne, alkoxy, 
cycloalkyl, aryl and heteroaryl bemg unsubstituted or substituted with from 1 to 3 
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fluoro, all such aryl and heteroaryl also being unsubstituted or substituted with one 
hydroxy in the 4-position; 

(5) is selected from hydrogen, dopble bond oxygen, Ci to about €5 alkyl, C2 to 
about Ce alkene or allq^e, Ci to about Ce alkoxy and Ci to about Cg thioalkyl; 
provided that is double bond oxygen only if Z is either -N(OH)- or -N(NHR^)- ; 

(6) R^ is selected from hydrogen, hydroxy. Ci to about Cq alkyl, C2 to about Cg ^^^^ 
or alkyne, Ci to about Cg alkoxy and Ci to about Cg thioalkyl; 

(7) R^ is selected from hydrogen, hydroxy, amino, halo, Ci to about Cg alkyl, C2 to 
about C4 alkene or alkyne and Ci to about C4 alkoxy, all such alkyl, alkene, alkyne 
and alkoxy moieties bemg unsubstituted or substituted with from 1 to 3 fluoro; 

(8) R^ is selected from hydroxy, aminocarbonyl, fluoro, chloro, bromo, cyano, Ci to 
about C2 alkyl and C2 to about C4 alkenyl or alkynyl, all such alkyl. alkenyl and 
alkynyl moieties bemg unsubstituted or substituted with from 1 to about 3 fluoro; 

(9) R^ and R^ are each independently selected from: 

(a) hydrogen, Ci to about Cg alkyl, C2 to about Cg alkene or aUgne. Ci to about 
Cg alkoxy. Ci to about Cg alkylthio and Ci to about Cg heteroalkyl; provided 

R^ and R*'' are not both hydrogen; 

(b) or R^ and Rejoin to form a C3 to about Cg cycloalkyl or heterocycUc ring 

containmg the carbon atom to which they are bonded; 

(c) aU such allqrl, alkene, alkyne, alkoxy, alkythio. heteroallqrl, cycloallqrl and 
heterocyclic moieties being unsubstituted or substituted with from 1 to 3 fluoro; 

(10) R^ and R^ are each mdependently selected from hydrogen and Ci to about C3 alkyl. 
or R' and R^' join to form a C3 to about Cg heterocycUc ring containing the nitrogen 

atom to which they are bonded; and 

(11) R^^ represents the moieties on the piperidine ring other than R^ R^ and -NR^*^, 
where each R'° is independently selected from hydrogen, Ci to about Cg alkyl, C2 to 
about Cg alkene or alkyne. Ci to about Cg alkoxy and CyC^ cycloalkyl all such 
alkyl, alkene, alkyne, alkoxy and cycloalkyl moieties being unsubstituted or 
substituted with from 1 to 3 fluoro; or 

(B) if is -C(RV X is -C- and Y is -N(R^)-, then R^ and R^ can join to form a 6-membered 
heterocycUc ring, where R^ R^ R^ R'. R\ R'', R^ R^ and r'' are as described in (A); or 
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(C) if is -C(RV. X is -C-, Y is -N(R^K and Z is -C(COR^) then R* and can join to 
fonn a monocyclic or bicyclic heterocyclic ring, where R^, R^, R^ R^, R^,R^ R^ R^ and 
R^° are as described in (A); or 

(D) if A^ is 'C(R% X is -C-, Y is -N(R^)- and Z is -C(COR^), then R^ and R' can join to form 
a 5-membered heterocycloaUcyl that is substituted with a carbonyl moiety, where R\ R^, 
R^ R\ R^R^ R*. R^ and R*** are as described in (A); 

or an optical isomer, diastereomer or enantiomer thereof; a pharmaceutically-acceptable salt, 
hydrate, or biohydrolyzable ester, amide or mude thereof 

2. The con^pound according to Claim 1, having a structure according to Formula (II) 




wherein: 

(A) (1) a' is selected from -N- and -C(RV. where R* is selected from hydrogen, halo, Ci to 
about Cg alkyl, C2 to about Cg alkene or alkyne and to about Cg alkoxy, all such 
alkyl, alkene, alkyne and alkoxy moieties being unsubstituted or substituted with 
from 1 to 3 fluoro; 

(2) R^ is selected from C3 to about Cg cycloalkyl, C3 to about Cg heterocycloalkyl, to 
about Cg alkyl, C2 to about Cg alkene or alkyne, a 6-membered aryl and a 6- 
membered heteroaryl, all such alkyl, cycloalkyl, aryl and heteroaryl being 
unsubstituted or substituted with from 1 to 3 fluoro, all such aryl and heteroaryl also 
being unsubstituted or substituted with one hydroxy in the 4-position; 

(3) R^ is hydrogen; 

(4) R^ is hydroxy; 
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(5) is selected from hydrogen, hydroxy, amino, halo, Ci to about C4 alkyl, C2 to about 
C4 alkene or alkyne and Ci to about C4 alkoxy; all such alkyl, alkenyl, alkynyl and 
alkoxy moieties being unsubstituted or substituted with from 1 to about 3 fluoro; 

(6) is selected from hydroxy, fluoro, chloro, hromo, Ci to about C2 alkyl; C2 to about 
C4 alkenyl or alkynyl, all such alkyl, alkenyl and alkynyl moieties being unsubstituted 
or substituted with from 1 to about 3 fluoro; 

(7) R^ and are each independently selected from: 

(a) hydrogen, Ci to about Cg alkyl, C2 to about Cg alkene or alkyne, to about 
Cg alkoxy, Ci to about Cg alkylthio and Ci to about Cg heteroalkyl; provided R^ 
and R^* are not both hydrogen; 

(b) or R^ and R'^' join to form a C3 to about Cg cycloalkyl or heterocyclic ring 
containing the carbon atom to which they are bonded; 

(c) all such alkyl, alkene, alkyne, alkoxy, alkythio, heteroalkyl, cycloalkyl and 
heterocyclic moieties being unsubstituted or substituted with from 1 to 3 fluoro; 

(8) R^^ is selected from Ci to about Cg alkyl, C2 to about Cg alkene or alkyne and Ci to 
about Cg alkoxy, all such alkyl, alkene, alkyne and alkoxy moieties being unsubstituted 
or substituted with from 1 to 3 fluoro; or 

(B) R* and R^ join to form a 6-membered heterocyclic ring, where R^, R^ R^, R^ R^° are as 
described in part (A); 

3. The compound according to Clahn 1, having a stracturc according to Formula 




H 



H 



m 



wherein: 
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(A) (1) is selected from hydrogen, halo, Cj to about €5 alkyl, C2 to about Cg alkene or 
alkyne and Ci to about Cg alkoxy. all such alkyl, alkene, alkyne and alkoxy 
moieties being unsubstituted or substituted with from 1 to 3 fluoro; 

(2) is selected from C3 to about Cg cycloaDq^l. C3 to about Cg heterocycloalkyl, Ci 
to about Cg alkyl. Ci to about Cg alkene, a 6-membered aryl and a 6-membered 
heteroaryl; all such alkyl, cycloalkyl, aryl and heteroaryl being unsubstituted or 
substituted with from 1 to 3 fluoro, aU such aryl and heteroaryl also being 
unsubstituted or substituted with one hydroxy in the 4-position; 

(3) R^ is hydrogen; 

(4) R^ is hydroxy; 

(5) R^ is selected from hydrogen, hydroxy, amino, halo, Ci to about C4 alkyl, C2 to 
about C4 alkene or alkyne and Ci to about C4 alkoxy; all such alkyl. alkenyl, 
alkynyl and alkoxy moieties being unsubstituted or substituted with from 1 to about 
3 fluoro; 

(6) R^ is selected from is selected from hydroxy, fluoro. chloro, bromo, to about C2 
alkyl; C2 to about C4 alkenyl or alkynyl. all such alkyl, alkenyl and alkynyl moieties 
being unsubstituted or substituted with from 1 to about 3 fluoro; 

(7) R^ and R^' are each independently selected from: 

(a) hydrogen. Ci to about Cg alkyl, C2 to about Cg alkene or alkyne, Cj to about 
Cg alkoxy, Ci to about Cg alkylthio and Ci to about Cg heteroalkyl; provided R^ 
and R^' are not both hydrogen; 

(b) or R^ and R''' join to form a C3 to about Cg cycloalkyl or heterocyclic ring 
containing the carbon atom to which they are bonded; 

(c) all such alkyl, alkene, alkyne, alkoxy, allg^o, heteroalkyl, cycloalkyl and 
heterocyclic moiedes being unsubstituted or substituted with from 1 to 3 fluoro; 

(8) R^° is selected from Ci to about Cg alkyl. C2 to about Cg alkene or alkyne and Cj to 
about Cg alkoxy, all such alkyl, alkene, alkyne and alkoxy moieties being unsubstituted or 
substituted with from 1 to 3 fluoro; 

4- Hie confound according to Claun 1, having a structure accordmg to Formula (IV) 
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wherein: 

(A) (1) is selected from hydrogen, halo, Ci to about alkyl, C2 to about Cg alkene or 
alkyne and Ci to about alkoxy, all such alkyl, alkene, alkyne and alkoxy 
moieties being unsubstituted or substituted with from 1 to 3 fluoro 

(2) is selected from C3 to about Cg cycloalkyl, C3 to about Cg heterocycloalkyl, Ci 
to about Cg alkyl, Cj to about Cg alkene, a 6-membered aryl and a 6-membered 
het^oaryl. all such alkyl, cycloalkyl, aryl and heteroaryl being unsubstituted or 
substituted with from 1 to 3 fluoro, all such aryl and heteroaryl also being 
unsubstituted or substituted with one hydroxy in the 4-position; 

(3) Z is either -N(R^)- or -N(NHRV; 

(4) R^ is selected from hydrogen, hydroxy and to about Cg alkyl; 

(5) R^.is selected from hydrogen, hydroxy, amino, halo, Ci to about C4 alkyl, C2 to 
about C4 alkene or aUq^e and Ci to about C4 alkoxy; all such alkyl, alkenyl, 
alkynyl and alkoxy moieties being unsubstituted or substituted with from 1 to about 
3 fluoro; 

(6) R* is selected from hydroxy, fluoro, chloro, bromo, to about C2 alkyl; C2 to 

about C4 alkenyl or alkynyl. aU such alkyl, alkenyl and alkynyl moieties being 
unsubstituted or substituted with from 1 to about 3 fluoro; 

(7) R^ and R^ are each independently selected from 

(a) hydrogen, Ci to about Cg alkyl, C2 to about Cg alkene or alkyne, Ci to about 
Cg alkoxy, Ci to about Cg allgrltiuo and Ci to about Cg heteroallqrl; provided R^ 
and R^' are not both hydrogen; 
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(b) or R'^ and join to fonn a C3 to about €5 cycloalkyl or heterocyclic ring 

containing the carbon atom to which they are bonded; 

(c) all such alkyl, alkene, alkyne, alkoxy, alkythio, heteroallqrl, cycloalkyl and 
heterocyclic moiedes bemg unsubstituted or substituted with from 1 to 3 fluoro; 

(8) R^® is selected from Ci to about Cg alkyl. C2 to about Cg alkene or aUqiie and Ci to 
about Cg alkoxy, all such alkyl, alkene, alkyne and alkoxy moieties bemg 
unsubstituted or substituted with from 1 to 3 fluoro. 

5. The compound of any Claims 1-4, wherein R^ is selected from hydroxy, fluoro, 
bromo, chloro and methyl. 

6. The compound of any of Qaims 1-5. wherein R^ is hydrogen and R*' is selected 
from methoxy. thiomethoxy, methyl and ethyl, aU such methoxy, tWomethoxy. methyl and ethyl 
moieties being unsubstituted or substituted with from 1 to about 3 fluoro. 

7. The compound of any of Claim 1-5, wherem: 

(a) R^ is metiiyl and flie carbon atom piperidine ring member, to which R^ is 
attached, is of the S-configuration; and 

(b) R' and R^ are both hydrogen and the carbon atom piperidine ring member, to 
which -NR^R^ is attached, is of die S-configuration. 

8. A compound of Qaim 1 , selected from the group consisting of: 

7-[3S-ammo-5S-mefliyl-piperidinyl]-l-cyclopropyl-l,4-dihydro-6-fluoro-8-meflioxy4^^ 
quinolinecarboxylic acid; 

7-[3S-ammo-5R-methyl-piperidmyl]-l-cyclopropyl4,4-dihydro-6-fluoro-8-methoxy4-o 
quinolinecarboxylic acid; 

7-I3S-anuno-5S-ethyl-piperidinyll-l-cyclopropyl-l,4-dihydro-6-fluoro-8-metiioxy-4-oxo-^ 
quinolinecarboxyUc acid; 
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743S-ainmo-5R-ethyl-piperidinyll-l-cyclopropyl-l,4-di^^ 
qumolinecarboxylic acid; 

7-[3S-ammo-5S-iiiBthoxy-piperidinyl]-l-cyclopropyl4,4-dihy^^^ 
qumolinecarboxylic acid; 

7-[3S-aiiuno-5R-methoxy-piperidinyl]-l-cyclopn)pyl-l,4-d^^ 
quinolinecarboxylic acid; 

7-[3S-aimno-5,5dimethyl-piperidinyl]-l-cyclopropyl4,4-dihy^^^ 
quinolinecarboxylic acid; 

7-[3S-aimno-5,5diethyl-piperidinyl]-lK:yclopropyl-1.4-dihydr^^ 
quinolinecarboxylic acid; 

7-[3S-amino-4S-methyl-5R-me%l-piperidinyll-l-cyclopropyl4,4-dihydro-6^^^^ 
4-oxo-3-quinolinecarboxylic acid; 

7-[3S-aniino-4S-ethyl-5R-methyl-piperidinyl]-l-K;yclopropyl4,4^iihydro-^^^ 
oxo-3-quinolinecarboxylic acid; 

743S-amino-4S4sopropyl-5R-methyl-piperidinyl]4-cyclopropyl-l,4-<iihydro-6-^^ 
methoxy-4-oxo-3-quinolinecarboxylic acid; 

7-[7-amino-5-azaspiro[2.5]-octanyl]4-cyclopropyl4;4-dihydro-6-fIuoro^ 
quinolinecarboxylic acid; 

747^no-8S-inethyl-5-a2aspiro[2.5]K)Ctanyl]-l-cyclopropyl-l,4-d^ 
4-oxo-3-quinolinecarboxylic acid; 

7.[7-aniino-8S-ethyl-5-azaspu:o[2.5]K)ctanyl]-l-cyclopropyl-l,4-dihy*^ 
oxo-3-quinolinecarboxylic acid; 

748-ainiao-6-azaspiro[3.5]-nonanyl]-l<yclopropyl-l,4-dihydro-6-fluoro-^^ 
quinolinecarboxylic acid; 
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7-[8-ainmo-9S-inethyl-6-azaspko[3.5]-nonanyl]-l<yclopropyl-l,4^ 
4-oxo-3-qiimolinecarboxylic acid; 

7-[3S-ammo-5S-methyl-piperidinyl]4-cyclopropyl-l,4-^ihy^ 
quinolinecarboxylic acid; 

7-[3S-aimno-5R-me%l-piperidinyl]4-cyclopropyl-1.4-dihydro-<-fl^ 
quinolinecarboxylic acid; 

7-[3S-aiiimo-5S-^thyl-piperidinyl]4'^yclopropyl-l,4-dihydro-6-fl^^ 
quinolinecarboxylic acid; 

743S-amino-5R-^thyl-piperidinyl]4-cyclopropyl-l,4Hiihydro-6-fluor^ 
quinolinecarboxylic acid; 

743S-aniino-5S-inethoxy-piperidinyll-l<yclopropyl-l,4-dihydro-6-fluoro-8-niea^^ 
quinolinecarboxylic acid; 

743S-amino-5R-iaethoxy-piperidinyl]-lK:yclopropyl4,4Kiihydro-6-fluoro-8-met^^^ 
quinolinecarboxylic acid; 

743S-amino-5,5dimediyl-piperidinyl]4K:yclopropyl4,4-dihydro-6-fluoro-8-TO 
quinolinecarboxylic acid; 

7-[3S-amino-5,5diethyl-piperidinyl]4K;yclopropyl-l,4-dihydro-6-fluoro-8-^ 
quinolinecarboxylic acid; 

7-[3S-aiiuno4S-me%l-5R-methyl-piperidinyl]4K;yclopropyl4,4-^ 
oxo-3-quinolinecarboxylic acid; 

7-[3S-amino4S-e%l-5R-methyl-piperidinyl]-l-cyclopropyl-l,4Kiihydro-^ 
oxo-3-quinoIinecarboxylic acid; 

7-[3S-amino-4S-isopropyl-5R-methyl-piperidinyll-l-cyclopropyl-l,4Ki^ 
4-oxo-3-quinolinecarboxylic acid; 
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7-[7-ammo-5-azaspiro[2.5]-octanyl]-lH:yclopropyI-1.4^ 
quinolinecarboxylic acid; 

7-[7-ammo-8S-methyl-5-azaspffo[2.5]-c)Ctanyl]4-cyd^ 
oxo-3-quinolinecarboxylic acid; 

7-[7-aimno-8S-ethyl-5-azaspiro[2.5]-octanyl]4-^yclopropyl-l,4K^ 
oxo-3-quinolinecaiboxylic acid; 

748-aniino-6-azaspiro[3.5]-nonanyl]4-cyclopropyl4,4-dihydro-6-flu^ 
quinolinecarboxylic acid; 

7-[8-amino-9S-methyl-6-azaspko[3.5]-nonanyl]4-cyclopropyl-l,4-dihyd 
oxo-3-qiiinolinecarboxylic acid; 

7-[3S-amino-5S-methyl-piperidinyl]-l-cyclopropyl-l,4-dmydro-6-^^ 
quinolinecarboxylic acid; 

743S-amino-5R-methyl-piperidinyl]-l-cyclopropyl4,4-dihydro-6-hydrox 
quinolinecarboxylic acid; 

7-[3S-aniirio-5S-ethyl-piperidinyl]-l-cyclopropyl4,4-dihydro-^ 
quinolinecarboxylic acid; 

7-[3S-amino-5R-ethyl-piperidinyl]4-cyclopropyl4.4-dihydro-6-h^ 
quinolinecarboxylic acid; 

743S-amino-5S-methoxy-piperidinyl]-l-cyclopropyl4,4<Uhydr^ 
quinolinecarboxylic acid; 

7-[3S-ainino-5R-methoxy-piperidinyl]4-cyclopropyl4,4Hiihydro-^ 
quinolinecarboxylic acid; 
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7-[3S-ainmo-5,5dimethyl-piperidmyl]4K:yclopropyl-l,4^ 
quinolinecarboxylic acid; 

7-[3S-ainmo-5,5diethyl-piperidmyl]-lK:yclopropyl-l,4-daydr 
quinolinecarboxylic acid; 

7-[3S-aniino-4S-methyl-5R-inethyl-piperidinyll4-cyclopr^^^ 
4-oxo-3-quinolmecarboxylic acid; 

7-[3S-anuno4S-ethyl-5R-methyl-piperidinyl]-l<yclopropyl-l,4K^ 
oxo-3-quinolmecarboxylic acid; 

743S-amino-4S-isopropyl-5R-methyl-piperidinyl]4-cyclopropyl4,4-dih^^ 
chloro-4-oxo-3-quinolinecarboxylic acid; 

7-[7-amino-5-azaspiro[2.5]-octanyl]- l-cyclopropyH.4-dihydro-6-liydroxy-8-chloro-4-oxo-3- 
quinolinecarboxylic acid; 

7-[7-amino-8S-methyl-5-azaspiro[2.5]-octanyl]- l-cyclopropyH.4-dihydro-6-hydroxy-8-chloro- 
4-oxo-3-quinolinecarboxylic acid; 

7-[7-ainino-^S-ethyl-5-azaspiro[2.5]-octanyl]4<yclopropyl^ 
oxo-3-quinolinecarboxylic acid; 

7.[8-aniino-^azaspiro[3.5]-nonanyl]-l<yclopropyl4,4-dihydro^^ 
quinolinecarboxylic acid; 

7- [8-amino-9S-methyl-6-azaspiro[3.5]-nonanyl]-lK;yclopropyl-l,4^^ 
4-oxo-3-quinolinecarboxylic acid; 

8- [3S-amino-5S-methyl-piperidinyl]-l-cyclopropyl"7-fluoro-9-methyl^^ 
carboxylic acid; 

843S-amino-5R-inethyl-piperidinyl]-l-cyclopropyl-7-fluoro-9^ 
carboxylic acid; 
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8-[3S-aimno-5S-ethyl-piperidmyl]-lH:yclopropyl-7-fluoro-9^ 
carboxylic acid; 

8-[3S-anrino-5R-ethyl-piperidinyl]4-cyclopropyl-7-fluoro-9-met^^^ 
carboxylic acid; 

8-[3S-aimno-5S-methoxy-piperidinyl]-l-<:yclopropyl-7-fluor^^ 
carboxylic acid; 

8-[3S-amino-5R-methoxy-piperidinyl]-l-<:yclopropyl-7-fl^^^ 
carboxylic acid; 

8-[3S-aiiiino-5,5dimethyl-piperidinyl]-l-cyclopropyl-7-fluoro-^ 
carboxylic acid; 

8-[3S-amino-5.5diethyl-piperidinyl]4-cyclopropyl-7-fluoro-9-meto^^ 
carboxylic acid; 

8-[3S-aimno4S-methyl-5R-methyl-piperidinyl]4H:yclopropyl-7-fluoro-^^ 
quinolizine-3-carboxylic acid; 

8-[3S-amno-4S-ethyl-5R-methyl-piperidinyl]4K;yclopropyl-7-fluoro^^ 
quin61izine-3-carboxylic acid; 

8-[3S-aimno-4S4sopropyl-5R-inethyl-piperidinyl]-l-cyclopropyl-7-fl^^ 
quinolizine-3-carboxylic acid; 

8-[7-aimno-5-azaspiro[2.5]-octanyl]-lH;yclopropyl-7-fluoro-9-m^ 
carboxylic acid; 

8-[7-aniino-8S-methyl-5-azaspiro[2.5]-octanyl]- l-cyclopropyl-7-fluoro-9-methyM-oxo-4H- 
quinoliziiie-3-carboxylic acid 
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8-[7-ainmo-8S-ethyl-5-azaspiro[2.5]-K)ctanyl]-lK:yclopropyl^^^^ 
qumolizme-3-carboxylic add; 

8-[8-amino-6-azaspiro[3.5]-nonanyl]- l-cyclopropyl-7-fluoro-9-ine%l-4-oxo-4H-^umolkine-^ 
carboxylic acid; 

8-[8-aniino-9S-inethyl-6-azaspiro[3.5]-nonanyl]- l-cyclopropyl-7-fluoro-9-niethyM-oxo-4H- 
quinolizme-3-carboxylic acid; 

7-[3S-aimno-5S-methyl-piperidinyl]-3-aimno-lK;yclopropyl-^ 
2,4-dione; 

7-[3S-ainmo-5R-inethyl-piperidinyl]-3-amino-lK:yclopropyl-6-fluor^^ 
2,4-dione; 

743S-amino-5S-ethyl-piperidinyl]-3-aimno-l-cyclopropyl-6-fluoro-8-m^ 
2,4-4ione; 

7-[3S-amino-5R-«%l-piperidinyl]-3-an±io-lK:yclopropyl-6-nuoro-8-m^ 
2,4-dione; 

7-[3S-anrino-5S-niethoxy-piperidinyl]-3-amino-l-<:yclopropyl-6-fluoro-8-^^ 
2,4-dione; 

7-[3S-amino-5R-niethoxy-piperidmyl]-3-anmio-l<ycloprppyl-^-^^ 
quinazoline-2,4-dione; 

7-[3S-amino-5,5dimethyl-piperidinyl]-3-animo-l<yclopropyl-^-fluoro^^ 
2,4-dione; 

7-[3S-amino-5,5die%l-piperidmyl]-3-aniino-l-cyclopropyl-6-fluoro-^ 
2,4-dione; 

7-[3S-ainmo-4S-me%l-5R-methyl-piperidinyi]-3-amino-l-cyclopropyl 
quinazoline-2,4-dione; 



wo 2004/014893 



146 



PCT/US2003/022587 



7.[3S-ammo-4S-ethyl-5R-methyl-piperidinyl]-3-a^^ 
qumazoline-2,4-dione; 

7-[3S-ainmo-4S-isopropyl-5R-methyI-piperidinyl]-3-an^ 
quiiiazoline-2,4-dione; 

7.[7-aimno-5-azaspko[2.5]K)ctanyl]-3-aimno-l-cyc^^^^ 
2»4-dione; 

7-[7-ainmc)-8S-methyl-5-azaspiro[2.5]-octanyl]- 3-amino-l-cyclopropyl-6-fluoro-8-methyl-lH- 
quinazo]ine-2,4-dioiie 

747-ainino-8S-ethyl-5-azaspiro[2.5]-octaDyl]-3-ainm 
quiiiazoline-2,4-<lione; 

7-[8-amino-6-azaspko[3.5]-nonanyl]-3-amino-l-cycloprop^ 
2,4-dione; 

7-[8-aimno-9S-methyl-6-azaspko[3.5]-nonanyl]-3-anrino-lK:^^^ 
quinazoline-2,4-dione; 



9. A phannaceudcal composition comprising: 

(a) a safe and effective amount of a compound of any of the Claims 1-8; and 

(b) a phannaceuticaUy-acceptable excipient 

10. Use of a confound of any of Claims 1-8 for the manufacture of a medicament for 
preventing or treating microbial infection in a subject in need thereof. 



